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NOTE 



In planning this helpful series of Educators, it has been the 
aim of the author and publishers to present step by step a 
logical plan of study in General Engineering Practice, taldng 
the middle groiuid in making the information readily available and 
showing by text, illustration, question and answer, and calcula- 
tion, the theories, fundamentals and modem applications, includ- 
ing construction in an Interesting and easily understandable 
form. 

Where the question and answer form is used, the plan has 
been to give short, simple and direct answers, limited to one 
paragraph, thus simplifying the more complex matter. 

In order to have adequate space for the presentation of the 
important matter and not to divert the attention of the reader, 
descriptions of machines have been excluded from the main 
text, being printed in smaller type under the illustrations, 

Leonardo Da Vinci once said: 

"Those who give themselves to ready and rapid practice 
before they have learned the theory, resemble sadors who go 
to sea iQ a vessel without a rudder 

— in other words, "o little knowledge is a dangerous thing." 
Accordingly the author has endeavored to give as much infor- 
mation as possible in the space allotted to each subject. 

The author is indebted to the various manufacturers for 
their co-operation in furnishing cuts and information relat- 
ing to thew products. 

These books will speak for themselves and will find their 
place in the great field of Engineering, 
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CHAPTER 46 
GAS ENGINES 



The term gas engine is generally tinderstood to mean an intemal 
combustion engine using natural gas or the vapor of gasoline for 
fuel as distinguished from "oil** engines or those using kerosene 
or heavy low grade oils, the latter class including the Diesel 
engine. 

The gas engine is a form of heat engine, since it operates by 
means of the expansive energy of a gas which has been subjected 
to the action of heat. There are two kinds of heat engines : 

1. External combustion engines; 

2, Intemal combustion engines. 

In the first type the combustion of fuel takes place outside 
the working cylinder as in steam engines or hot air engines, 
while in the second type combustion takes place inside the 
working cylinder as in gas and oil engines. 

It is a matter of ordinary observation that heat, by expanding bodies, 
is a sotirce of mechanical energy, and conversely, that mechanical energy 
being expended either in compressing bodies, or in friction, is a sotirce of 
heat; these truths are summed up by the first law of thermod3mamics,* as 
follows: 

Heat and mechanical energy are mutually convertible in the ratio of about 
778 foot pounds for the British thermal unit (Wood). 



•NOTE. — ^Thermodynamics, the science of heat considered as a form of energy, is useful 
in advanced study of the theory of gas, steam, and air engines, refrigerating machines, com- 
pressed air, etc. The method of treatment usually adopted is severely mathematical, involving 
constant application of the calculus. The subject will not be presented here further than the 
discussion of a few fundamental truths which shquld be understood by those interested in 
engines of any kind. 
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Although heat and work are mutually convertible and in definite and 
invariable proportions, yet no conceivaole heat engine is able to convert 
all the heat given to it into work. To get a continuous supply of mechanical 
energy from heat depends upon getting a continuous supply of hot and cold 
♦ substances; it is by the alternate expansion and contraction of some sub- 
stance, as a gas, that heat is converted into mechanical energy. 

Perfect heat engines are ideal conceptions of machines which are prac- 
tically impossible, but whose operations are so arranged that, if jwssible, 
they would convert the greatest conceivable portion of the heat given to 
them into mechanical work. The efficiency of a heat engine is the ratio of 
the heat converted into mechanical work to the total amount of heat which 
f^ enters the engine. 

s ' The efficiency of a perfect heat engine depends on two things: 1, the 
temperature of the heat received, and 2, the temperature of the heat 
rejected. The greater the difference between these temperatiu'es the greater 
the efficiency, that is, the greater will be the proportion of the total heat 
converted into mechanical energy, and the smaller the proportion of the total 
heat which necessarily passes by conduction from the hot to the cold body. 

The second law of thermodynamics is an expression for the 
efficiency of a perfect elementary engine (Wood), and is stated 
as follows: 

It is impossible for a self -acting machine, unaided by any external 
agency, to convert heat from one body to another at a higher tempera^ 
ture. (Clausius). 

Ques. What is the practical interpretation of the two 
laws of thermodynamics? 

Ans. According to the first law, there is nothing to prevent 
an engine converting all of the heat supplied to it into mechanical 
energy, and its efficiency may be expressed by 1 or unity. 
According to the second law, no heat engine can convert into 
mechanical energy more than a small fraction of the heat supplied 
to it, the greater portion being necessarily lost in various ways. 

Ques. What causes these heat losses? 

Ans. In overcoming the molecular resistance of the working 
substances to changes of form; in overcoming the friction of the 
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Figs. 2,638 and 2.689. — ^P V diagram; thwinal Unet. Since the work performed by a mston en- 
gine is the product of two factors, the pressure of the working^ substance multiplied oy its in- 
crease in volume, it is obvious that if^the former be stated m some unit of weight such as 
pounds, and the latter in a unit of length such as feet, a diagram can be drawn enclosmg an 
area which will represent in foot potuds the work performed by the engine. Thus in the 
figure if the line A B, rei>resent pressures in pounds, and the line A C, volumes in feet, then 
for any pressure P, required to move a piston ffomA* to a distance corresponding to the 
volume V, the area of the rectangle A P D V, will represent the amount of work performed, 
or P V ~ foot pounds of work penormed. In this case, the pressure is assumed as constant, 
and the exampte illustrates the simplest form of a P V-diagram. Usually, however, the i>res- 
sure is not constant, but decreases as the volume increases, therefore the line P D, will 
assume the form of curve sloping downward from P to D, the varying ordinates of which 
will represent the pressures for the corresponding volumes, and the area enclosed the amotmt 
of work performed. In this case, the temperature is assumed as constant, and the curve 
rq>re8ent8 the expansive action oi a gas under that partictdar condition. The action of a 
heat engine is modified by the effects on its working substance of other conditions of tempera- 
ture, voluxne, and pressure, which obtain at ue time heat is applied. , The grapnical 
representations of the thermal lines resulting from those conditions will give areas which 
wul differ, as later shown, for the various classes of heat engine, according to the method of 
heat application, and also according to the practical working cycle employed for the various 
types of any particular class. 
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working parts of the mechanism, and by rejection, or exhaust 
of the working substance at high temperature. 

Ques. How is the thermal efficiency of an engine 
expressed ? 

Ans. As a fraction; it is equal to the heat converted into work 
divided by the heat absorbed by the working substance; this 




Pigs. 2,640 and 2,641. — itothermal line. The toost natural conditions for the expansion or com- 
pression of a gas doing work in the cylinder of an en^e may be stated as follows: 1. Porez- 
pansioa, when the pressure decreases as the volume mcreases, with a corresponding decrease in 
temperature due to the external work done by the gas in moving the piston. 2. Por compxes- 
sion, when the pressure increases as the volume decreases, wim an mcrease in the tenipera- 
ture due to the work spent upon ihe gas during the act of compression. If, however, suitable 
means be provided, so that during expansion the gas absorbs an amount of heat equal to 
that expexuled in moving the piston, and during compression it rejects an amount of heat 
equal to that which is spent upon it by the act of compression, or in other woxds, if the 
temperature of the gas be kept eonatant its mode of expansion or eempression will be Uo' 
thermal, or the temperature of- the gas will be the same at all points of the piston stroke, 
and the volume at any point multiplied by tiie pressure will be the same or P V mConstant. 
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fraction represents the thermal efficiency of an engine operating 
under actual working conditions. 

Ques. What is tks nature of the working substance? 

Ans. The working substance is the medium which receives 
heat, converts a small portion of it into mechanical energy, and 




Figs. 2,642 and 2,643. — Adiabatic line. When suitable means are not provided for maintaining 
a constant temperatuie, or if the action of tho. eas correspond to that of a piston moving at a 
high rate of speed, or if the gas act within a cylinder which is a non-conductor of heat, then ,dur- 
ing expansion the temperature will fall by an amount equal to the heat units expended in doing 
external work, and during compression the temperature will rise by an amount equal to the 
number of heat units of work spent upon it. This mode of expansion or compression is 
called adiabatic since there is no transfer of heat to or from the gas through the walls of the 
cylinder, and the external work during expansion is done entheljr from the internal ^lergy 
of the gas. It is obvious, that adiabatic action must be accompanied by a change in the ratio 
of pressure to volume, therefore, at the end of the piston stroke the pressure will be less 
than in the case of isothermal expansion by an amount corresponding to the heat expended 
in doing external work. In the figure, the curve of adiabatic expansion is shown by the 
line B C. In isothermal action P V ^constant, therefore, in order to express the law of 
adiabatic action, it is necessary Ihat the factor V, be given an exponent greater than unitir, 
and if n, be put to represent this exponent, then P V» ^constant. 
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rejects the remainder still in the form of heat. The working 
substance may be a solid, a liquid, or a gas, and the action of the 
engine may be due to changes of either the form and the volume 
of the working substance, or to changes of volume alone. 
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Figs. 2,644 and 2,645. — iBopteatic line or isobar . . .The isothermal and adiabatic lines shown in 
the preceding diagiams, are not the only thermal lines which may begraphically represented on 
the F V diagram. For example, if a given quantity of gas be placed in a cylinder and allowed 
to expand under the influence of heat, or if its volume be increased in any other manner, while 
its pressure is kept constant, its expansion will be represented by a horizontal line parallel 
to the line of volumes, and will lie above the latter at a height proportional to the constant 
pressure maintained above it. Such a line is called an iaopieBtic line or i&ohar, and corre- 
sponds to B C, in the figure. laopieBtic expansion occurs during the charging stroke of a 
gas engine, vthen the charge is drawn into the cylinder, and iBopieatic compresBion occurs 
during the exhaust stroke, when the burnt gases are being expelled from the cylinder, provided 
that in both cases the area of the valves is sufficient to prevent variations of pressure during 
the operations which change the volume of the gas. 
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Ques. What are the most suitable working substances 
for heat engines? 

Ani^. Gases, because they are almost perfectly elastic, and 
expand largely tinder the influence of heat. 

B 

Ques. What name is given to com- 
pression or expansion at constant tem- 
perature? 

Ans. Isothermal. 



Ques. What Is adiabatic expansion 
or compression? 

Ans. If the cylinder, in which the expan- 
sion or compression takes place, were a non- 
conductor of heat so that no heat could enter 
or leave the cylinder, then during expansion, 
the temperature will fall by an amount equal 
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//i/?er Dead'Center 

Figs. 2,Md and 2,647.— /«om«(ric linm. If a given mass of gas be placed in a cylinder and 
heated while its volume is kept constant; then, the addition of heat will cause an increase of 

Sressuxe, and the line traced on the P V diagram will be vertical, and will lie parallel to the 
ne of pressures at a distance proportional to the space occupied by the original volume of the 
gas as shown by the line A B. Such aline is called an isome(tric iine, and represents the 
condition when ihe charge in the cylinder of a gas engine is ignited while the piston atands at 
its inner dead center. 



to the heat units expended in doing external work, and during 
compression, the temperature will rise by an amount equal to 
the number of heat units of work spent upon it. 
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spent upon it by the act of compression. Continue the compression until a paint i is reached 
from which a line of adiabatic compression will pass through the point a. 4, If C, be now 
removed and B. again applied to the head oF the c^lindeT, the gas will continue its 
compression adiabatically, the pnssun uid ten^>erature rising, and if Uie point d be pmpeiiy 
chosen, the cycle will be completed by the restoration of the original temperature Ti_ ~ ' ' 
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This mode of expansion or compression is called adiabatic since there is 
«o transfer of heat to or from the gfis through the walls of the cylinder, and the 
external work during expansion is done entirely from the mtemal energy 
of the gas. 

Ques. Do the products of omibustion in a gas ei^Ine 
expand isothermally or adiabatlcally? ' 

Ans, No;, the expansion follows more nearly the adiabatic 
curve; there' is considerate transfer of heat due to the water 
jacket. 

Ques. How does the gas engme principle of operation 
differ from that of the steam engine? 

Ans. The gas engine represents the practical transferance of 
the furnace front the boiler to the working cylinder. This-is 
accomplished by the use- of a permanent gas, atmospheric air, 
for the working substance, which is intimately mixed with a fuel 
also in the form of a gas. This mixture constitutes the charge 
which is introduced into the working cylinder of the engine and 
there ignited. The resulting combustion liberates the in- 
herent heat of the fuel component of the mixture and applies it 
directly to every molecule or particle of the air component or 
working substance, thus increasii^ its temperature and pressure, 
and causing it to drive the piston. 

Classification. — In the history of the gas engine, the numer- 
ous t jrpes brought out may be divided into three classes : 

1. Those in which the charge is admitted to the working 
cylinder at atmospheric pressure and ignited without com- 
pression ; 

2. Those in which a charge of the mixture is drawn in by suc- 
tion of the working piston, and ignited after being compressed 
by a return stroke of the piston. 
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3. Those in which the mixture is first compressed in an auxiliary 
cylinder, and a charge admitted to the working cylinder under a 
definite constant pressure and ignited when fully admitted. 



Cycles of Operation. — ^AU modem gas engines belong to 
the second class, and may be grouped into two well defined types, 
according as the cycle of 
operation is completed in two, 
or four strokes, the familiar 
terms 

1. Two cycle; 

2. Four cycle. 

The four cycle engine being 
more generally used than the two 
cycle, is the more important and 
will accordingly be considered 
first. Fig. 2,953 shows the gen- 
eral arrangement of parts of a 
four cycle engine. 

Ques. What is four 
cycle operation? 

Ans. The term "four 
cycle" is an abbreviation of 
four stroke cycle, and means 
that the cycle of the working 
substance is completed in four 
strokes of the piston. 
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Ques. What name Is given to the four strokes of the 
cyde? 

Ans. Admission, compression, expansion, and ejdiaust. 

Ques. What other names given to the admission and 
expansion strokes? 

Ans. The terms suction and power are sometimes used. 
Knee the four cyde engine represents the most generally used gas ei^ne, 



a consideration of its indicator diagram will aid in ascertaining the general 
characteristics of gas engine cycles. In the four cycle engine, the cycle of 
the working substance, as previously mentioned, is completed in four 
strokes according to the following sequence : admission takes place during 
the first forward or suction stroke, compression during the following return 
stroke, expansion during the second forward or power stroke, and exhaust 
during the second retumor exhaust stroke; in tabular form: 

1. First stroke (outward) admission; 

2. Second stroke (inward) compression; 
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3. Third stroke (outward) expansion; 

4. Fourth stroke (inward) exhaust. 



Fig. 2,668 shows a theoretical diagram of a fotir cycle engine; 
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Fig. 2,666 and 2,667. — Theoretical indicator diagram of a four cycle gas engine. The aeeomed 
values for temperature, volume, and pressure are a fair average of those occiuring in the 
cylinder under actual worldng conditions. 



the asstimed values for temperature, voltmie, and pressiire, 
however, do not correspond to the maxima and minima of such 
as may be derived from theoretical computations, but represent 
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values which are a 
fair average of those 
occurring in the 
cylinder of a gas 
engine, operating 
under actual con- 
ditions. 

§ In the diagram, 

u the cycle b«^s at 

8 A, with the piston at 

s a. During admis- 

I sion, the piston 

. moves to B, tlie con- 

5 ditions within the 
a cylinder during the 
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g This line is drawn 
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^ mospheric pressure, 
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s tion, the pressure in 

Si the cylinder is less 

I than that of the a.t- 
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„ inlet valve doses, 

I thus completing ad- 
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6 compressing the pre- 
S viously admittetj 
g charge into the clean- 
g ance or combustion 

chamber; the. curved 
? line b£, shows the 



duetc 



mospher 
to 70J-4 poimds ai, 
the end of the stroke. 
At this instant igni- 
tion of the compress- 
ed charge take- 
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place, and the i 

suddenly jumps to 225 
pounds, correspondii^ . 
to the initial expansion. 
The piston again moves 
outward(romA,to B , mak- 
ii^ the power stroke; the 
products of combustion 
expand with the increas- 
ing volume displaced by 
the moving piston, and 
the pressure gradually . 
falls, as indicated by the 
curved expansion line dt. 
As shown, the pressure 
falls from 225 lbs. to 44.1 
lbs. at the end of the 
stroke. At this point the 
exhaust opens and the 
J pressure suddenly drops 

S to that of the atmosphere, 

^ shown by the line eo'. 

.3 During the final stroke 

S of the cycle from A to B, 
a the exhaust valve remains 

■g open and the burnt gases . 

I are expelled from the cyl- 

i inder at approximately 

^ atmospheric pressure, as 

I represented by the line 
f ba, thus completing the' 

I 

; Ques. Could an 

I engine operate ac- 

l cording to the theo- 

^ retical diagram of 

\ fig. 2,666? 
I Ans. No; the oper- 

p ation of any actual en- 

i gine can only approach 

i the conditions indicated 

I in the diagram, since 
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it is limited by mechanical and physical restrictions. 

Ques. Of what use, then, is a theoretical diagram? 

Ans. In designing a gas engine, its probable performance 
can be approximated by first drawing a theoretical diagram 
corresponding to the given data, and then inscribing an actual 



well lounded comen and a broad _„,,.^ , _, _ 

fiHTDe, AJid in the larger eiies is supported by a beavr cyUn^r Coot mimeaiacelr in troric oi 
the valve gear. The enEiiie is equipped with a long conotcting rod which lervea to leaen 
the vertical thrust uporithepiston.thuiaddins to the ti^taessand durability of both piston 
and cylinder by diaji ni a hin g fnctioa and consequeot wear. 

working diagram by making proper allowances for the various 

losses that are known by test to take place in engines of similar 
type already built. 

Ques. Why does the operation of an actual engine 
vary from the Ideal performance represented by the theo- 
retical card, fig. 2,666? 
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Ans. In nature, nothing can take place instantaneously, that 
is, an interval of time is necessary for a physical change to take 
place, hence there can be no vertical lines as cd, or eb', on a working 
diagram. Again, time is required for the opening of the exhaust 
valve, involving that it begin to open before the end of the stroke, 
that is before the point e, is reached; this gradual opening of the 



T 



Pics. 2.671 taVS 2,B72.—Ac 



valve is accompanied by a gradual instead of an abrupt reduction 
of pressure. Numerous other causes tend to produce variations 
between the actual and ideal diagrams. 

The observation of these variations, the determination o£ thdr causes, 
together with an assignment of their probable values, constitute a working 
theory of each particular machine, upon which designers may rely. SucS 
a theory, founded upon observation and eiperiment, is only to be deduced 
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from \oas continued tests carried out by many pereons, with painstaking 

care, and under all conceivable conditions of operation. In order to point 



Admission 

la fig. 2,672, the piston is shown at B, having completed 



Pic. 2.673. — Eletai! of Otto engine sylinder, vslve gear side. In operation, when gasoline il 









I aa Co Bupply automatically tha \ 



by the cam B. on tha side shaft C. the cam actiiatii« a niclur Ghaft D. the lower aim of 
wWh IS fitted with a \osie pin whirh cairies the aasoQna roller E. Thi$ roller has a fiee 
lateral movement which la governed by the vertical arm of the bell crank F. connected 
with the governor, a very slight movement of which is sufficient to iilace the roller in or out 
of engagement with the cam on the shaft. The speed of the engine ia regulated by the 
governor which changes the position of the gasoline roller, so that the fuel is admitted only 
when the speed is normal or slightly belon it. The governor is of the fly ball weighted 
type. Ignition Is effected by an electric spark, the igniter being operated by the igniter 
\evei G, actuated by the side shaft. The elecirodea of the igniter are tipped with platiaiun, 
and the current is derived from a primary battery. 

the admission stroke; at the beginning of admission the 
pressure in the cylinder is that of the atmosphere, 14.7, and 
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is assumed to drop to 13.2 lbs. at the end of the stroke. This 
is represented in the theoretical diagram, fig. 2,671, by the dotted 
straight line ab, and in the actual diagram by the curved full line ab. 

Ques. Why does the full admission line ab of the actual 
diagram, fig. 2,671 curve or sag below the dotted straight 
line ab? 

Ans. In fig, 2,672 while the crank K, revolving at iinifonn 
speed, travels from 4 to 5, or through one-eighth the circum- 
ference of the crank circle, the attached piston P, will move 



L' 



of otto engine cylinder; sectional end view. At ihouin, the exhaust 
t lever J, fulcramed beneath the cylinder, and actuated 

cups placed on the cylinder near the front end. The crank pin is oiled by means o!^ft »iper 
fed by a sieht feed cup, sod the main bearings by ring oilers which dip into an oil reservoir 
beneath the bearing. 

forward from A to H, or through approximately one-eighth of 
its stroke. Again, while the crank passes from 5 to 6, a distance 
also equal to one-eighth of the circumference of the crank circle, 
the piston will move from H to I, about three-eighths of its stroke. 
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In other words, the unifonn rotary motion of the crank causes great 
variations in the speed of the piston at different points of its stroke, the 
^>eed of the piston being more rapid while the crank passes from 6 to 7, 
and from 9 to 10, than while it passes from 10 to 5, and? to 9. The move- 
ment of the incoming charge as it flows from the carburetor through the 
manifold and valve opening is opposed by frictional resistance which in- 
creases with its speed. Hence, the increasing speed of the piston durit^ 
the first part of the stroke causes an iricrease of speed of the charge, this 



in required tc 

Tt is seen that the admission line falls below the dotted line during the 
first part of the stroke, and since in the latter part of the stroke the reverse 
conditions obtain, the admission line gradually approaches the dotted line. 

Ques. Wliat Is the s^nlficance of the admission line 
falling below the atmospheric line? 

Ans. It represents a loss of power, as measured by the area 
enclosed between these lines and the stroke limits. That is, if 
the atmospheric pressure be in excess of that in the cylinder, it 
will act in a direction directly opposed to the movement of the 
piston. 

Ques. In what class of engine Is this loss a maximum? 

Ans. It is greater with an automatic inlet vatve than with a 
mechanically operated valve, because the suction must be suffi- 
cient to overcome both the resistance of the valve and that due 
to the flow of the charge. 

Ques. How does this loss vary? 

Ans. It increases with the speed of the engine. 

Ques. In what other way does this affect the engine 
operation? 

Ans. It determines the quantity of the mixture admitted, 
and has a direct bearing on the compression. 

Ques. What point, in regard to the admission line, 
Is sought in designing an engine? 
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Ans. It is desirable, at normal speeds, that it lie as close as 
possible to the atmospheric line, consistent with reasonable pro- 
portions and arrangement of the mechanical details. 

Ques. What features of design tend to accomplish this? 

Ans. Short and direct manifold passages without abrupt or 
tortuous bends; proper location of valves and adequate cross 



Pig. 2.675.— Foo9 gaa enmnB. valvo aear side. AIL the working parts an aswnihled on ore 
side of the cylinder, ftie design la the same for all siies. tlie eylindeis being bolted to 
the beds by lans ways which project from the sides. 

sectional area of manifold and port opening, so that the proper 
rate of flow is obtained at normal speeds. 

Ques. What is the proper speed through the manifold 
and admission valve? 

Ans. Not over 4,000 or 5,000 feet per minute. 
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Example — ^What area of valve opening is required for a 6X5 engine 
designed for a normal speed of 600 revolutions per minute, and a rate of 
flow of the mixture through the valve of 4,000 feet per minute? 

ThA proper valve is found from the -following formula; 

eoto- aiTJ ^^ areaXt»slon speed 

i.ooo ^'■' 



Pig. 2.670.— "Poo* ^aa enaine, iwctioD view through cylinder atid valve chambers. In the 
6gura it vQl be noted, that the adnrisnon valve A, and the eihauat vslve B, ate placed in 
separate WBtnr jacketed caatinga on opporite aidea of the cylinder, and communicate by means 
of large porta with the comboatjon chamber C. Theae valves are of the vertical poppet 

jUTnotTOU it returns naturall)^ toita seat and maintains a tight contact even without the aid 
of aapiinf. Suction in the cyUndcr ia not relied upon to open the admiaaion valve; it being 
liften posttivety by the lever D, and closed by its own weight aided by; the action of the 
strong spring E. ' Althouah the valves are in aeparato removable boxes it ia not necesaaty 
to £tiich these boxes in onler to remove the valves. The admission valve can be taker 
out by anscrewiog the plug P, and the eihaust valve by removal of the plug G. Thf 
valves can be ground in when necessary by the use of an ordinary brace and bit. Thf 
valve gear is operated through steel cams driven- by machine cut gears; and by adjusting 

with a common wrench, the SCI^-iv^ fai-Hr^ )w rti* lift Icvim- n aiv nrar nr 1nn,^pi~<iii in tti. 

vahrea may bB,Uken up. Tht 



cr the admissic 



be Uken up. The governor is of the centiifugal type. It regulates the a 
utting out Uie charts beyond those required to maintain uniform speed, 
the electric wipe contact type, and is located in the admission chamber dl 
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"the area of a 5 inch piston is 

.7854 D' = .7854><5» = 19.64 sq. ins. 
Hie piston speed is equal to 

2 X stroke X revolutions per minute 2X5X600 
12 ° 12 " 

Substituting these values in (1), 

19.64X500 „,^ 



to the larger gear G, controla the fuel valve through the lever C. The aialUarn cam i 
the poaition indicated by K. is furnished oil larger enaines to aid in Btarting. It holds tt 
eihaust valve open dunng enough ol the comaressiaD stroke to relieve the pressure la tt 
cylinder. This cam ia contnillea by Hit hand lever P, held in position by the pin S. 



Ques. What bearing has admission on the power 
developed by the engine? - 
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Ans. The amount of power developed depends upon the 
amount of fuel mixture admitted; the greater the charge, the 
greater the power, 

Ques. What condition tends 
to diminish the amount of the 
charge? 

Ans. Initial expansion, that is, 
the incoming mixture as it strikes 
the walls of the combustion chamber 
and cylinder, absorbs heat from the 
latter and expands; hence, at the end 
of the suction stroke, there is a less 
amount of mixture in the cylinder 
than would have entered had the tem- 
perature remained constant. 

Pig. S.e73. — Olds valves. As shorn, the valves are 
vertical. Both valves are in cages and can be re- 
moved from the engina without changing the timiag 
of valves or sparlr. The joint between the vslve 
csge and the cyUadeT is made by a small gasket faced on both sides with coiipet end held 

Ques. When does the admission valve close? 



ted inside the frame 

dirt and dust. Tbt 

the off bath in the 
bottom of the fiame. 
The cam is lieyed to 
th« larger gear and 

are keyed towEther 
on a hardened steel 

13 lubrkated by dip- 

balh in the bottom 

Ans. In general, it should begin to close just before the end 
of stroke, so that it will be shut when the piston reaches the end 
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of the stroke. With the engines designed to run at high speed, 
the closing of the valve is sometimes delayed as much as 10 or 
15 degrees past the center, the theory being that the momentum 
of the rapidly entering mixture will cause a continuance of its 
flow after the piston has reached the end of the stroke, and thus 
augment the cliarge. 



O>mpression 

At, or near the end of the charging stroke the admission 
valve closes and the energy of the fiy wheel moves the crank from 
position 2 to 1 (fig. 2,681), which, in turn, pushes the piston from 
B, to A, thus compressing the charge into the clearance space. 
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This results in rdsing both the pressure and the temperature 
of the charge. The gradual increase of pressure in the cylinder 
due to compression is indicated by the full compression line. 

Ques. Why does the full compression Ihie fall below 
the dotted line of the theoretical diagram? 

Ans. Because the compression is not adiabatic; there is a 
loss of pressure due to the absorption of heat by the jacket water, 
and to more or less leakage. 

If the cylinder walls were made of non-conducting material^ the charge 
would be compressed adiabatic^y and the two lines would coincide, 
but since the engine would not continue to run more than a few minutes 
under such conditions, it is apparent that, in actual practice, the charge 
will be compressed in conformity with no known law, hence, its temperature 
and pressure after compression may be ascertained only b}^ the application 
of some form of approximate formula based upon data derived from actual 
indicator diagram. 

Ques. Why does the actual compression line depart 
from the theoretical more during the latter part of the 
compression stroke than during the first part? 

Ans. No heat is lost during the first part of the stroke because 
the temperature of the cylinder wall is in excess of that of the 
charge, hence, the compression is approximately adiabatic. 
Dtiring the latter part of the stroke, the temperature of the 
charge is higher than that of the cylinder walls, resulting in 
loss of heat with a proportionate loss of pressure; hence, the full 
compression line falls below the dotted line. 

Ques. Upon what two factors does the final pressure of 
compression largely depend ? 

Ans. Upon the initial pressure {i.e., the pressure at the be- 
ginning of the compression stroke), and the percentage of clear- 
ance, asstmiing leakage. 
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exPi-OsioN 



valve engine. Tl 
These shafM are 
fonnin^ their fun 



n mustTHting valve Hction of Speedvell (aatomobile) roUry 
,3 shown, conaist of cylindrical shafts in Che bead of the engine. 

The diagrams illusliale diffsient iwsitiinB of rotaiy valves 
Che four c>^]«. The arrows within the cyliulen Indicate the 
ry valves; the arrows outside indicate the direction of live gai 
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Example, — If an engine have 33 per cent clearance space, and the 
charge be admitted at 13 lbs. absolute pressure, and 90** Fahr., what is the 
final pressure and temperature of compression under the usual working 
conditions? 

The accompanying table has been prepared for determining the com- 
pression pressure and temperatures which usually occur in gas engines. 



Table of Pressure and Temperature and Coefficients 

(Compression) 



G 


P 


T 


C 


P 


T 


3. 


4.407 


146.89 


4. 


6.498 


162.45 


3.05 


4.506 


147.74 


4.1 


6.718 


163.86 


3.1 


4.606 


148.58 


4.2 


6.940 


165.25 


3.15 


4.707 


149.42 


4.3 


7.164 


166.62 


3.2 


4.808 


150.25 


4.4 


7.390 


167.96 


3.25 


4.910 


151.06 


4.5 


7.618 


169.29 


3.3 


5.011 


151.87 


4.6 


7.847 


170.59 


3.35 


5.115 


152.67 


4.7 


8.078 


171.88 


3.4 


5.217 


153.47 


4.8 


8.311 


173.17 


3.45 


5.322 


154.25 


4.9 


8.546 


174.40 


3.5 


5.462 


155.03 


5. 


8.783 


175.64 


3.55 


5.531 


155.80 


5.1 


9.020 


176.87 


3.6 


5.637 


156.57 


5.2 


9.260 


178.07 


3.65 


5.742 


157.32 


5.3 


9.501 


179.26 


3.7 


5.848 


158.08 


5.4 


9.744 


180.44 


3.75 


5.956 


158.82 


5.5 


9.988 


181.60 


3.8 


6.064 


159.56 


5.6 


10.234 


182.75 


3.85 


6.171 


160.29 


5.8 


10.730 


185.01 


3.9 


6.280 


161.02 


6. 


11.233 


187.22 



These pressures and temperatures are obtained by means of the table 
as follows; 

Final compression pressiu-e= initial pressure XP (1) 

T 
Final compression temperature =intial temperature abs. X-r^ (2) 

In these two formulae: 

P= pressure factor for the given ratio of compression C; 

T = temperature factor for the given ratio of compression C; 

For a clearance space of 33J^ per cent of the piston displacement the 
compression ratio, C, is* 



GAS ENGINES 



II 1^ 
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1+33H „.4. 

the pressure factor corresponding to C=4, from table is given as 6.498. 
Substituting these values in (1) 

Final compression pressure « 13X6.408 «84>^ lbs. 

Similarly f substituting in (2), 

Pinal compassion ten,perat«re= (90+459^) xlgf -892- 

Ignition. — The timing of the spark should be varied to suit 
the running conditions. In general, ignition should occur a 
little before the end of the compression stroke, in order that the 
explosion will take place at practically constant voltune, and 
attain the maximum pressure at the beginning of the stroke; 
early ignition is essential in some instances to secure complete 
combustion before the exhaust valve opens. 

The term combustion means ra/>Mi oxydation, that is, combus- 
tion is a union of the elements which constitute the fuel, with 
oxygen, the phenomenon being accompanied by an evolution of 
heat. 

V 

Ques. What af e the elements of a fuel? 

Ans. Hydrogen and carbon. 

Ques. Under what conditions of operation is the maxi- 
mum temperature reached that is possible with a given 
mixture and compression ? 

Ans. When the spark is advanced, sufficiently that the maxi- 
mum temperature of combustion occurs when the piston is at 
the beginning of the stroke or dead center. 

Ques. How is the necessary oxygen for combustion 
supplied ? 

Ans. By mixing the fuel with air which contains oxygen. 
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Ques. How much air Is required? 

Ans. The most efficient proportion of air to give perfect 
combustion depends on the kind of fuel and conditions under 
which combustion takes place. For automobile engines, a 



FlO. 2.087. — Knight iliding sleeve valve (outamobile) engine. The Kn«ht engine has in place 
of poppet v(' ' ' -■- -' "- " ■ -■ --- '-^ -■■- ' - 



^beififfdrivenby short connecting rods from the half speed shaft at the side, j 

stroke, thealMves ajide, one'up »iS one down, that cloiinc the ports tM 



timt, the right hand porta of the sleeves reaisi 

posing a large opening through which the charge of fuel 

of the compression stroke, the aleeves slide, oneup»ndi . — ., . — , 

compression. All ports remain closed until theendof the powerBtii>lce, when the left hand 
porta open Bud register with each other» leaving & large ekit for the exhaust of the burnt 
gases. The advantages claimed for this valve gear are lone port openings, and noiseless 
operation; the above GUt illustrstei the Columbia design ot tBe Krught engine. The moving 
parts are lubricated in the usual way, the only precaution taken bemg to iruuie an even dis- 
tribution o[ oil by cutting a spiral groove and boring a number of holes in each sleeve. A 
feature of the lubrication is the automatic oil pans below the cranks which by means of a 

amount of lubrication as the load or speed b increased. 

variable mixture of gasoline vapor and air is used, in proportions 
ranging between 1 to 6 and 1 to 11, depending on the immediate 
conditions of engine operation. 
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Ques. What effect has the proportion of air on the 
explosion pressure ? 

Ans. The explosion presstire decreases in ratio with an in- 
crease in the proportion of air. 

Ques. What conditions determine the explosion tem- 
perature of the charge? 

Ans. The maximtun temperature depends on: 1, the calorific 
value of the fuel, 2, the quality of the mixture, 3, the time of 
ignition, 4, the piston speed, 5, degree of cooling, and 6, amount 
of leakage. 

Ques. How is the explosion temperature affected by 
the rate of combustion f 

Ans. The more rapid the combustion, the higher the explo- 
sion temperature. 

The chemical reaction due to complete combustion may take place 
gradually, as in slow combustion, or very rapidly, as in the case of an ex- 
plosion. Since the calorific value of a fuel depends on its contained heat, 
and is not affected by the rate of combustion, high temperatures may be 
attained with fuel of low calorific value by causing the combustion to take 
place rapidly. 

Ques. What are the laws which govern the rate of 
combustion ? 

Ans. These laws, as determined experimentally, are as follows : 
1, in any mixture the rate of combustion is constant for a given 
temperature before ignition. 2. The rate of combustion in- 
creases with the increase of temperature of the mixture before 
ignition. 3. The rate of combustion varies with the proportion 
of the air and fuel components of the mixture. 

It is evident that, according to the first two laws, the rate of combustion 
of an explosive mixture may be made to vary by artificial means; for ex- 
ample, by compression^ thus making the temperature of combustion partly 
dependent upon the cjrde of the machine. This fact clearly demonstrates 
the value of compression in its relation to the thermal efficiency of the 
engine. 
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Fro. 3,688. — Standard double acting (tout cycle) marine enpne. All the valves are powtively 
opanted. In addition to the usual vater jacketing of the cylinder, the piltona are cooled 

OKuit arou^ the tube!°^Ae anpjne to iVarled by ^/te^d'air ixa. piesiun of SSO 
pounds per sq. in., primarily pumped up inio two or more air tanks running BioM the aide of 

compienor, but al» tlie bilge pumps, and a small dynamo Tor liehting purposes and forchaig- 
ing Hio stonge batUriei. Tbe angina is arranged so as to form tvo units of three eylindera 
each,aDd the three after cylhidenonly. an connected to thecompTCSiedairtankijwhenthe 
revene lever is thrown to tbe fint notch off the center^ either forward or baclnvara,th« cam 
shaft is shifted to such a position, that the csma operating the comprewed air valves on these 
three cylinder* will lift their exhaust valves once every revolution tnitcad of, every other 

cam Blalt having the effect of governing the direction irf rotation of the engine tmly. With 
the lever in this position t the compiessed air is admitted to the three after cylinders and the 
engine alloned to roake two or three revolutions. Tbe lever is then puihed on to the next 
notch, cutting out the compressed air valves and adjusting the cam to trip the valves in 
the regular four cycle sequence. Means are also provided by which all the lower exhaust 
valves can be locked open, and all the lower inlet valvea can be locked closed, by a single 
motion of the lever, thus converting the engine into a single acting engine developing h^f 
power. Furthermore, the two units can be unclutched. so that the three after cyjinden 
can be operated alone as a three cylinder single acting unit, thus reducing the power developed 
to one-quarter the lull power of the engine. 
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According to the third law, the mixture may be varied to suit the imme- 
diate conditions of engine operation. Thus, when the engine is heavily 
loaded, a rich mixture may be used, which, on accoimt of the prolonged 
combustion, augments the mean pressure during expansion. Again, when 
the engine is nmning at high speed but with a light load, a lean mixture, 
which bums faster, is used to obtain complete combustion at release. 

Ques. What is the effect of too little or too much air? 

Ans. The mixture will either explode imperfectly or fail to 
explode. 




Point' of Release 
>^ Stroke. 






jmission Valve 
MixlitgChamber < 



^ tuition, Bxpiosion,£T^p»9S/on. 



Pigs. 2,689 and 2,600. — Power stroke. The expansion line varies from the theoretical in a sim- 
ilar manner to that of the steam engine. Pre-release begins at e', and continues to b\ 



Expansion 

Pigs. 2,689 and 2,690 show the action of the working substance 
dtiring the power stroke. In the diagram, the position of the 
explosion line indicates that the spark in this instance was 
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retarded to the end of the compression stroke and that the com- 
bustion was almost instantaneous, the maximum pressure attain- 
ed being 200 lbs., corresponding to an initial expansion 
temperature of 2,195° Fahr. It should be noted that the 
theoretical pressure is 225 lbs., as shown by the dotted line. 

Ques. Why is the actual pressure of combustion ob- 
tained less than the theoretical? 

Ans. On account of late ignition. A movement of the piston 
from A, to H, takes place during the explosion, hence, this in- 
crease of volume, together with the effect of the comparatively 
cool cylinder walls, prevented the maximum pressure reaching 
the theoretical value; this is shown by the curved portion of the 
explosion line at d, fig. 2,689. 

Ques. What takes place during the greater portion of 
the power strolce? 

Ans. When the piston has reached the point H, (figs. 2,689 
and 2,690) corresponding to d, the products of combustion expand, 
driving the piston forward toward B, at the expense of its own 
internal energy, the crank in the meantime revolving to the 
point 3. 

Ques. How does the worlcing substance act during 
expansion? * 

Ans. If the cylinder walls were non-conducting, the expan- 
sion would be adiabatic, but in actual practice a variety of condi- 
tions causes the expansion line not only to deviate from the 
path of an adiabatic line, but also from that of any calculated one. 

Ques. Why does the actual expansion line fall below 
the theoretical, between points k and Z, and above, between 
points I and e\ fig. 2,589? 
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the latter part of the expansion (from / to e', fig 2,689) the reverse 
conditions obtain, that is, the products of combustion absorb 
heat from the cylinder walls, resulting in an excess of pressure 
above that due? to adiabatic expansion. 

Pre-release. — In figure 2,689, it will be noticed that there is 
a sudden drop of the expansion line at e\ This is due to the 
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Pig. 2,692.— Indicator diagrram of engine heating at constant tenii)erature. Por this condition 
of operation the final compression pressure should always be mgh enough to raise the fined 
compression temperature up to the ignition temperature of the charge. The nearest actual 
approach to the cycle of an engine heating at constant temperature is that of the Diesel 
engine. The diagram represents the normal performance of a Diesel engine in 
which the temperature of the charge is raised to about 986** Pahr., under a compression of 
500 pounds. It will be noted, that in this case the final compression temperature of 986" 
Pahr., not only represents the ignition temperature of the fuel used, but also the constant 
initial expansion temperature oi the cycle. Since the heating is actually due to slow com- 
bustion rather than explosion, it is quite doubtful whether the temi>erature is really constant 
during the process. 



opening of the exhaust valve before the end of the stroke or pre- 
release of the products of combustion to exhaust. 



Ques. Why does the exhaust valve open before the end 
of the stroke? 

Ans. That the pressure may be reduced to a minimimi at the 
beginning of the exhaust stroke. 
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Quea. Why does the pressure not fall ^abruptly at e^ fig. 
2,689? 

Ans. Because an interval of time is required for the valve to 
open, during which, a corresponding movement of the piston 
takes place. The valve begins to open at e\ presenting at first 
a very small opening for the exit of the burnt gases, this offers 
considerable resistance, which results in a gradual fall of pressure, 
as indicated by the line e' b\ 
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Fig. 2,693. — ^Indicator diagram of engine heating at constant pressure. Bngine heating at 
constant pressure may operate by burning a charge introduced into the working cylinder 
under a compression pressure which Hin maintain the rate of inflow through title admission 
nozzle slightly greater than the rate of inflammation of the mixture, or by burning a chai]^, 
introduced into the working cylinder through a grating of wire gauze under a compression 
pressure which will supply a suflicient quantity of the charge to evolve enough heat, oy slow 
out continued combustion, to maintain a given constant pressure in the cylinder during a 
part of the stroke of the piston. The nearest actual approach to the cycle of an engme 
heating at constant pressure is that of the Brayton en^ne. In the figure the charge is 
admitted at a compression pressure of 74 pounds and igmted the moment it passes through 
the grating. The heat evolved by the resulting combustion raises the pressure until it is 
equivalent to the constant initial expansion pressure required, and is maintained at that 
pressure by the continued admission of the charge during one-quarter oi the piston stroke. 
The supply of mixture is then cut off, and the expansion allowed to continue until the pressme 
is reduced to very nearly that of the atmosphere at the end of the stroke. Although the cycle 
is that of a single acting engine, having one power stroke for every revolution of the crank, or 
two strokes of the piston, it corresponds more nearly to that of a four cycle engine than to 
that of a two cycle engine. It will be understood, of course, that the compression line 
represents the pressure conditions in the compression or auxiliary cylinder, which is one-half 
the size of the working cylinder. The fact, that compressing the charge in an auxiliary 
cylinder eliminates practically all the difficulties attending the act of compression in the 
woiking cylinder, and also permits the reduction of the final expansion pressure to very nearly 
that of the atmosphere without regard to the compression ratio, indicates that cycles 
heating at constant pressure ought to give more efficient engines than cycles heating at con- 
stant volume. The Brayton engine, however, never attained the success of an>[ of thp various 
types of engine heating at constant volume constructed previous to or since its time. The 
IMincipal fault appears to have been due to ixx>rly or improperly designed valves which caused 
an tmeconomic^ consumption of fuel. 
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.Ques. What other causes prevent an abrupt fall of 
pressure at pre-release ? 

Ans. A rich mixtiire with late ignition, especially at high speeds. 
Under these conditions combustion may not be complete at 
release, resulting in excess of pressure after the exhaust valve 
opens. 




Fig. 2,694. — Typical indicator card, poor performance. The slanting exploaon line is tha 
result of slow explosion due to a poor mixture. 



Ques. What is the objection to pre-release? 

Ans. It involves a direct loss of power as measured by the 
triangular area e e' f, fig. 2,696. 



Ques. What is the objection to delaying the opening 
of the exhaust valve till the end of the stroke? 




Pio. 2,695. — ^Typical indicator card; fair performance. This card represents the average 
workng conditions, the engine developing a moderate amount of power from a fairly strong 
mixture. 
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Ans. A similar, if not greater loss, would restdt by excess 
back pressiire from &' to about g, fig. 2,696. 

Ques. What is terminal pressure ? 

Ans. The pressure that would exist in the cylinder at the end 
of the stroke, if expansion vrere continued to this point. . 



Exhaust. — In figs. 2,696 and 2,697, which represent the ex- 
haust stroke, or completion of the cycle, the backward movement of 
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PXGS. 2,606 and 2,607. — Exhaust stroke. — ^During this operation, the indicator pencil will 
trace a line ga which will either coincide with, or lie above, the atmospheric line according 
to the following conditions: 1. If the exhaust valve be properly set and there be no wire 
drawing the pressure will be reduced to that of the atmosphere when the piston reaches 
the point G, on its return stroke, and the exhaust line traced by the pencil will coincide with 
the atmospheric line. 2. If the exhaust valve be set so as to release at too high a pressure, 
and there be wire drawing, the pencil will trace a line which will lie above the atmospheric 
line at a distance corresponding to the resulting back pressure. 
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the piston from B, to A, expels the burnt gases from all parts of 
the cylinder except the clearance. During this operation, the 
indicator pencil will trace a line ga, which will lie more or less 
above the atmospheric line, especially at the beginning of the 
stroke. * 

Ques. Why does the exhaust Ihie lie above the atmos- 
pheric Ihie? 

Ans. This is due to the frictional resistance which the outlet 
passages offer to the flow of the gases and in a small measure 




L 



Fig. 2,698. — ^Typical indicator card; good performance. The nearly vertical explosion line 
with the high pjeak coming almost to a pomt, denotes a ouIqIc burning mixture. The smooth 
expansion line indicates that there was little or no after burning or continuation of the com- 
bustion as the piston moved forward. 

to the inertia of the gases; a slight excess of back pressure above 
the atmospheric pressure, then, is required to force the gases 
out of the cylinder. 

Ques. Why is the exhaust Ihie higher at the beginning 
of the strolce, as between /and g^ fig. 2^696, than at other 
points of the strolce? 

Ans. Generally there is not sufficient time during pre-release 
to exhaust the burnt gases to atmospheric pressure; the pressure 
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gradually falls from ftog' being sustained in part by the inertia 
of the gases. 

Ques. Does the moTement of the pUton during the 
exhaust stroke fully expel the gases? 

Ans. No; only that portion displaced by its movement. 

Ques. Does any part of the gases, remaining In the 
combustion chamber at the end of the exhaust stroke, 
escape? 



FlQ. 2.eOS. — A umple form o{ muffler, which gives goad titittaction when well detiBned. 
cocisiBtH of a cylinder and a pipe so contrived that the pipe, whicb is drilled full of email h( 
will admit the ejtliauat at high pressuTet and ee it is required (o pass through a targe nun 
of small holes, it is split up and then eipahded. The gas psaael to the atmoaphere in 
uneven How, at a pre^ure sli^itly above that of the atmosphere. This type pf mu 
is fairly efficient when well deoigiied. 



Ans. A small percentage escapes by induction, that isi the 
gases in the exhaust manifold and passages being in motion at 
the end of the stroke, tend to continue so by virtue of their 
momentum, hence, a slight flow is induced from the combustion 
chamber resulting in a decrease of pressure therein. 

Ques. What provision is made to permit exhaust by 
induction at the end of the stroke? 

Ans. The exhaust valve remains open a few degrees past the 
center, the exact amount depending, among other things, upon 
the speed of the engine. 
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Ques. What effect is caused by the pressure of non- 
combustible burned gases in the cylinder? 

Ans. This is a fertile source of lost efficiency, as is proved 
by the superior average performance of scavenging engines, in 
which these gases are largely expelled. 

A mixture of 9 to 1, with no burned gases present, gives a rise of about 
2,373 degrees; the same mixture, compressea with the burned gases of a 
previous explosion in a clearance of 41^ per cent of the cylinder voltune 
gives a rise of only about 1,S43 degrees. 
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Fig. 2,700.— Three chamber type of muffler: a high pressure, intermediate, and low pressure 
chamber, so contrived that the pressure is reduced almost to zero before the exhaust makes 
its exit to the atmosphere. The volume of the high pressure chamber is equal to that of 
one of the engine cyUnders; the intermediate chamber has twice the volume, and the low 
pressure chan^r three times the volume of the engine cylinder. 



Ques. What feature of construction causes a consider- 
able amount of back pressure? 

Ans. The muffler; its numerous compartments and tortuous 
passages all offer frictional resistance to exhaust. 

A French authority states that an engine of 8.1 H. P., running with 
muffler, gave 6.1 B. H. P. at 967 revolutions per minute, but with muffler 

fave the same power only on 1,012 revolutions. He also foimd for a 
.25 I. H. P. an efficient output of 2.16 at 2,015 revolutions without muffler, 
and of 1.91, at 2,057 revolutions with muffler, claiming a loss of 145 foot 
pounds per second. 

These figures are very tjrpical for many mufflers, and, although possibly 
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reduced by some of the more modem models, represent fairly well the 
kind of obstacles obtruded in the way of the highest mechanical efficiency 
of the average gas engine. 

Ques. What takes place during exhaust? 

Ans. A large amount of heat and power units are lost. 

Ques. Why cannot these losses be avoided? 

Ans. It is not practical to expand the gas, after explosion, 
to atmospheric pressure within the cylinder. 

For instance, if the terminal pressure of expansion be 45 lbs. absolute, 
in order to expand this to atmospheric pressure would require 

45 -r 14.7 = 3.06 expansions 

To secure this additional expansion, an engine, of, say 5 inch stroke, and 
40 per cent clearance would require an increase of stroke equal to 

-I (40 per cent of 5) +5 |- X3.06=21.4 ins. 

making the total stroke 

21.4+5=26.4 ins. 

It is readily seen that such abnormal proportions are not practical, either 
for working conditions or for efficiency; in the latter case, the gain due to 
the increased expansion would be largely offset by the extra fiiction due 
to the long stroke, and other conditions causing loss. 

Ques. What are the prhicipal sources of loss in the 
operation of a gas engine? 

Ans. Radiation, circulating water, exhaust, and friction. 

Some idea of the distribution of these losses is afforded by the following 
table, whidi shows the disposition of 100 heat imits absorbed by the working 
substance of a four cycle engine. 

Heat lost by radiation and conduction 11 

Heat lost to cyHnder walls 53 

Heat lost in erfiaust gases 14 

Heat converted into mechanical energy 22 

100 

The actual thermal efficiency in this case is 22 per cent. 
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The accompanying table has been prepared for obtaining the usual pres- 
sures and temperatures of exhaust corresponding to various degrees of 
expansion. 

Table of Pressure and Temperature CoeMcients 

(Terminal) 



E 


P 


T 


E 

' *; ' • ^ ■ 


P 




3. 


23.975 


719.22 


4. 


16.494 


659.75 


3.05 


23.464 


715.66 


4.1 


15.973 


654.88 


3.1 


22.973 


712.18 


4.2 


15.480 


650.17 


3.15 


22.5 


708.75 


4.3 


15.014 


645.55 


3.2 


22.045 


705.43 


4.4 


14.672 


641.16 


3.25 


21.605 


702.15 


4.5 


14.152 


636.85 


3.3 


21.180 


698.95 


4.6 


13.745 


632.66 


3.35 


20.770 


695.80 


4.7 


13.374 


628.60 


3.4 


20.374 


692.72 


4.8 


13.013 


624.63 


3.45 


19.991 


689.68 


. 4.9 


12.669 . 


620.8 ^ 


3.5 


19.621 


686.72 


5. 


12.340 


617.03 


3.55 


19.262 


683.80 


6.1 


12.027 


613.37 


3.6 


18.915 


680.94 


5.2 




609.81 


3.65 


18.580 


678.14 


5.3 


606.34 


3.7 


18.253 


675.36 


5.4 


11.166 


602.95 


3.75 


17.937 


672.66^ 


6.5 


10.903 


599.64 


3.8 


17.631 


669.99 


5.6 


10.650 


596.41 


3.85 


17.334 


667.36 


5.8 


10.175 


590.15 


3.9 


17.046 


664.79 


6. 


9.737 


584.19 



To ascertain the exhaust pressiu"e corresponding to a given explosion 
pressure, and given explosion pressure is multiplied by the number in the 
coltunn mark^ P, opposite the number in the column marked E corre- 
sponding to the given expansion ratio, and the product divided by 100. 
The result is the absolute exhaust pressure required. 

Example, — If the explosion pressure be 225 lbs., and the expansion 
ratio 3.8, what is the possible exhaust pressure? 

Applying the rule to the table 

Probable exhaust pressure = (2254-14.7) X 17.631 =42.3 lbs. absolute 

100 

or 42.3— 14.7=27.6 lbs. gauge pressure. 

To ascertain the exhaust temperatiu"e corresponding to a given explosion 
temperature, the given explosion temperature is multiplied by the number 
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in the column marked T, opposite the number in the colunm marked E, 
corre^KOidins to the given ezpansioii ratio, and the product diwded by 
1.000. 

Example. — If the explosion temperature be 2,300° Fahr., and the ratio 
of explosion 3.8, what is the probable exhaust temperature applying the 
rule to the table? 



Ques. What is understood by the tenn "exhaust tem- 
perature" as here used? 

Ans. The temperature of the gases at the terminal pressure. 
The temperature, of course, decreases as the gases expand to 
the lower pressure of the exhaust stroke. 



GAS ENGINES 1,363 

Efficiency. — The theoretical thermal efficiency of an engine 
depends upon the temperature range, that is, the difEerence 
between the initial and iinal temperature of the working sub- 



If the temperature range be increaEcd, either by raising its upper limit 
or by decreasing its lower limit, or by the combined increase of the one 
and decrease of the other, the result will be an increase in the amount of 
heat available for conversion into mechanical enerjiy, and consequently 
an increase of thermal efficiency of the engine. 



and 2.705.— End and longitudiriBl sectional views of BBurothhoritontalfoor cycle 

Kile v»lve;"eidiau5t raUe^acrew; 7.'eihaiiat relie't kve^r; s" inlet ial^; B, gu inlets 

e lift pump; 11. ad^uatinH screw; 13, eihauat relief rod; 13, EovernDrhit and miss 

governor pawl; 15, speed iwulating spring; 16. governor oara; 17, governor cam 

.n.oi. »a, •econdary gears: IB. eiliaastlever; aO.eithaust boii;21. post for wire; 22, stationary 

27. movable elecUode; 2S,' igniter Crip pawl. 

Ques. Define the theoretical thermal efficiency. 

Ans. It is the difference of the initial and final temperattu-es 
divided by the initial temperature, that is, 
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^eoretic&l thecmal efficiency = — 



1" —initial temperature absolute 
T'— final temperature absolute 



Pig. 2,703. — Sectional end view throuRh valves of Olio fourcycle engine. In operation, the 
chaige enters the cylmdrr through Inn separate ports, controlled by hand operated throttles* 
and the inlet valve poppet A, The poppet B.mountedflexibly on the valveatemC.controla 
the admisaion of the gas in relation to the air inlet. The inlet cani H, acting upon the 
kver G, upon ivhich the steel shoe P. is mounted, opens the inlet valve A. in a positive manner 
by means of the push rod E, and the valve lever D. The exhaust eases are eipelled through 
thepcfjpet valve 1-K. which is lifted and timed by the lever L, and the exhaust cam M. A 
powerfulcentrifinralBOvemor, driven by spiral gears from the cam shaft, rebates the volume 
of the charge admitted to the cylinder in accordance with the variations m the load carried 

when the pivot pin N. is raised or lowered by the governor, thus causing the lower end of the 
push tod E. to be moved by means of lever O, and rod P, closer to or farther away from the 
fulcnun of the lever G. It will be readily understood that as there is always a slight amount 
of play between the end of the rod E. and the steel shoe F, the work petfomied by the gaveraor 
in swinging the rod E. is very light and reduces the stress and wear on the governor parts 
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la the case of the gas engine, the initial temperature means the ex- 

S'osioD temperature, and the final temperature, that of the exhaust, 
educing the given values to the absolute scale. 

T' -2,800+459.2-3,259.2* 
T"- 80+459.2- 639.2° 
substituting in (1) 

Theoretical thermal efficiency X^''^^^?"^^'^ X83 per cent 

Ques. What may be said of the actual thermal effi- 
ciency of a gas engine? 



Pig. 2,707.— Top view of Pajr and Bowen two cycle manne engine. 

Ans. For gasoline engines, in general, the actual thermal 
efficiency ranges from almost 10 to 20 per cent. 

The large margin between the theoretical and actual thermal efficiency 
of a gas engine is accounted for in heat balance given in the preceding 
table; the various losses indicated in the table should be carefully noted. 

Two Cycle Engines. — This type of gas engine is used chiefly 
for small powers, especially for marine service. The essential 
difference between it and the four cycle type is that the four 



1.366 GAS ENGINES 

operations of admission, compression, impulse, and exhaust, 
comprising the working cycle, are performed in one revolution 
instead of two. There is then, one impulse for each revolution. 
From this, it follows that the weight is much less than that 
required for the four cycle engine. The necessary mechanical' 
features for two cycle operation are: 

1. An enclosed crank case fitted with a valve arranged to open 
and admit fuel gas at the front, instead of at the rear of the 



Fig. 2,708. — The two cycle engine: tint ttrok*. Tbt inward stroke of the piston indocea a 
charge of the miiture at A into the crank case B, and compresses the previously admitted 
charge into the cylinder D^ the subsequent ignition takes plaice at E. 

piston, on the inward, instead of the outward stroke, as in the 
four part cycle. 

2. Inlet and exhaust ports located at points near the extrane 
outward position of the piston, so as to be uncovered during the 
outward stroke. 

3. A by pass tube connecting the interior of the cylinder with 
the crank case, so as to admit fuel gas at the proper point in the 
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Ques. In the operation of a two cycle engine, what 
occurs during the first stroke? 

Ans. The piston moves inward and draws in a charge of the 
explosive mixture into the enclosed crank case. During the 
operation the charge previously admitted to the cylinder is 
compressed and ignited as the piston nears the end of the stroke 
as in fig. 2,708. 



Ques. What occurs during the second stroke? 

Ans. The pressure caused by the explosion of the charge 
drives the piston outward, and slightly compresses the mixture 
drawn into the crank case during the previous stroke as in fig. 
2,709. Near the end of the stroke the piston uncovers the ex- 
haust port and the burnt gases are exhausted. During the 
remainder of the stroke the piston uncovers the admission 
port, as in fig. 2,710, and the new charge, previously compressed 
in the crank case, is admitted to the cylinder, being deflected 
upward to the head end of the cylinder by a screen or "deflector 
plate" set in the end of the piston. 
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Tbe "innish" of the new char^ betes materially to dear the cylinder 
of the burnt gases from tJie i)revioiis charge. The object of the deflector 
plate IB to prevent the entering charge passng out through the exhaust 
m {dace of the burnt gases. 

Ques. Which type of engine Is the iimm% ei^nomlcal? 

Ans. The four cycle engine. 

Ques. Why? 

Ans. With the cycle extended to four strokes, there is more 
time for admission and exhaust; since these events take place 



Pic. 3,710. — Tbe tvo cycle engine: ttii of thi ttcojid or oHtwari itrolit. Tbe guea compTMae^ 
in the cruik caAe u« adrmtt«d to tlie cylinder ipoce, D throueh the open inlet port, and 
•ometimeg psat Uw icieen or deflector. C. The poouee betweea the cylinder >nd tlia cnuk 
cue is contniUed by a butteifly VKlve, which here, ii Bhown open. 

at separate intervals, no chance is given for any of the charge 
to escape past the exhaust valve while open. Owing to simul- 
taneous admission and exhaust in the two cycle engine, pre- 
release of the burnt gases must take place earlier than in the 
four cycle engine, resulting in a loss of power which is avoided 
in the latter. The inefficiency of admission and exhaust of the 
two cycle engine becomps more marked at high speeds. 
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The ^cc«ssful openttion of the two cycle engine at high speeds will 
depend da adequate prOYision for rapid exhaust. A pronunent gas engine 
authority remarks: 

"The two (ycle engine, at best, is the next thing to an impossibility," 
By this statement, he means that the act of admitting infiammable fuel 



s that the act of admitting infiammable v 
mixture into the cylinder, already filled with flaming gas, without igniting 
it, involves something dose^ approaching a contradiction in physicu 
conditions. 

Were it not for the fact that the bitmii^ gases actually exhaust faster 
than the new mixture is admitted under impulse of their inherent ex- 
pansion, the ignition of the new chaige would seem to be nearly inevitable. 



J of Palmw two cycle engino showing difference between 

'te port ty^ta. Pig. 2,7)1 1 twoporteiif[in«;fig. 2.712. three port engine- 
fig- 2,712). Inlet port, marked gas and air, a opened, allowinGf a charse to enter cnnk 
cose- WhenpiftoTtBtartadown, thisport iaclosed. ThemiitureorgaaandairincnuilccaaBC, 
ia then compreesed by the downward motion of pijton. Transfer point A, ia opened -allowituf 
gas uid air which haa been mined ia crank case to pasa into cylinder. On the downward 
or etploiion atroke the exhamt port opena slightly before tranafer port and the exhaust or 
burned gaHB are pvsnng out oa a fnah cbu^ la comius in through transfer port. To 
prevent thia incoming chA»e passing ttcrosa piston and into exhaust port a baffle plate D, 
IS placed on lOQ of piston wuich deflects a charae of incoming ^u (o top oE cylinder. Piston 
comes up again closing eihaust port and trantferpoit and nuiture iseiploded. In the two 
port type, ^. :t711. a ehedi valve is used in place of the thild port as Bhonn, 

By deflecting the incoming mixture to the rear end of the cylinder, it 
follows the rapidly expanding exhaust, coming into contact with it cnly 
when the ex^Kmsion h^ so far reduced the temperature that the danger ot 
pre-ignition is averted. 
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Ques. For what service is the two cycle engine exten- 
sively used? 

Ans. For marine use, especially to propel boats of small size. 
Ques. Why is this? 

Ans. On account of its light weight, simplicity, and small 
space, as well as low cost of construction. 



Horse Power of Gas Engines. — The term horse power, cor- 
rectly used is absolute, meaning one and only one thing, but 
in connection with the automobiles and motor boats it has 
been so loosely used that its utility has largely been lost. 

Ques. What Is generally understood by the term horse 
power hi speaking of gas engines? 

Ans. The brake horse power. 
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Ques. What is brake horse power? 

Ans. The actual horse power delivered by the engine; the 
wrord brake is applied because the power is determined by a brake 
test as shown in fig. 2,714. 

Ques. Can the brake horse pow^ be approximated 
from the indicated horse power? 

Ans. Yes, by making suitable allowance for friction. 




A^/^-e^ 



Fig. 2,714. — ^Prony brake for detenniiiing brake horse power. It consists of a friction band 
riog which may be placed around a pulley or fly wheel, and attached to a le 'er bearing 
upon the platform of a weighing scale in such a manner that the friction betwe m the sur- 
faces in contact will tend to rotate the arm in the direction in which the shaft revolves. 
This thrust is resisted and measured in pounds by the scale. In setting up the brake the 
distance between the center of the shaft and point of contact (knife edge) with the scales 
must be accurately measured, the knife edge being placed at the same elevation as the center 
of the shaft,. An internal channel permits the circulation of water around tiie interior oi 
ue rim as shown, to prevent overheating. 



Ques. How much allowance should be made for fric* 
tion? 

Ans. The mechanical efficiency varies greatly, depending 
upon the design, workmanship, and tjnpe of engine, although no 
general rule can be given, yet in well designed automobile engines 
which are operated near the speed at which they are designed 
to give the best results, the mechanical efficiency may be taken 
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as varying between 80 and .90%. Below 80 is not good; 90 or 
above is exceptionally good, and for engines of automobile tjrpe, 
from 16 H.P., upward, the efl&ciency can be assumed as about 
85%. 

Example. — ^If the indicated horse power of an engine be 68.8, what is 
the calcidated brake horse power for a mechanical efl&dency of 85 per cent? 

In this case, 15 per cent of the power developed in the cylinder was spent 
in overcoming friction, hence, the actual power developed at the shaft is 

68.8X^«50H. P. 

Racing Boat F(M*mulse. — 

American Power Boat Association, horse power = 



2.5338 



For engines of less than 6 ins. stroke, horse power = 

).5.20 

in which 

D*"- square of piston diameter in inches; 

L — stroke in inches ; 

R « revolutions per minute; 

N = number of cylinders. 

These formulae are for high speed racing boat engines of the four cycle 
type, and are based on 1,000 feet piston speed per minute. 

For engines of ordinary design, about % of the above values shotild be 
taken. 10 per cent should be added to the ratings if the charge is forced 
into the cylmders by any mechanical device. 

Two Cycle Horse Power Formulse. — The American Power 
Boat Association gives the following for two cycle engines: 

horse power = inng ' 
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12.987 

These formula are only for racing boat engines. For ordinary two cycle 
engines about ^ of the value obtained in the above should be taken. 

For engines having one or more displacer cyhnders, the above rating 
should be increased la the ratio that the displacer piston's displacement 
bears to that of the working cylinders. 

It will be noticed that a 2 cycle engine having double the number of 
power strokes of a four cycle, the H. P. would be multiphed by 2. This, 
however, would give an erroneous result, as there are many inherent con- 



nit does 



is very often taken as 
^proximately 1.65 of that of a 
ur cycle engine of the same 
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nn, the driving shaft of the guide 
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mv. Where it passes through the 

k cased in b water tight tube. The 

■ bevel pinion at the lower end of 

■ the ignitor shaft meshes into a 
H bevel gear attached to the crank 

■ shaft. The cylinder head has a 

■ holenearthecenter. Thisiswhere 
W the igniter plug is inserted. 
' ThiioTugis"groundin."andheld 

stu£.™f it should be desirable at 
lecylinder head, this can be donebytaldng 

Parts of a Gas Engine. — A gas engine is composed of sta- 
tionary and moving parts; the stationary parts are: 1, the cylin- 
der, and 2, crank case; the moving parts are: 1, the piston, 2, 
connecting rod, 3, shaft, 4, fly wheel and 5, valve gear, 

Ques. Describe the cylinder? 

Ans. The cylinder is open at the end toward the crank and 
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closed at the opposite end save for inlet and exhaust ports, which 
are opened and closed by valves. The cylinder is surrotinded 
by an annular space of jacket through which cooling water 
circulates. 

Ques. What is the combustion chamber? 

Ans. This corresponds to the clearance space in a steam engine 
cylinder, but its object is to provide a; small space into which 
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Pig. 2.718 — Plan of Pay and Bowen two cycle en^ne. in conatruetion, the smaller gear A, 
is attached to the ignitor shaft, and turns with it. The gear drives a larger gear B, the teeth 
of which ahow around and below the cam C. In operation, as the ignitor shaft turns, 
this larger gear B, turns the cam C. The cam C, pushes bade the pltmger D, and as the 
pltmger D, slips off the point of the cam C, its other end or hammer £, strikes the movable 
electrode F, breaking the electric current, and producing a spark. In tiie line drawing, the 
relation of the electrodes and si>arking points inside of the firing chamber is indicated by 
dotted lines, the spring H, brings the movable electrode P, to its place again, when the plunger 
D, backs off for ue stroke. 



each charge of the fuel mixture may be compressed to consider- 
able pressure on the compression stroke of the piston, and then 
ignited. Together with the volume displaced by the piston, 
it forms the total content of the cylinder as measured when the 
piston has reached the end of the outward stroke. 
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Ques. What 
other name Is 
given to the com- 
bustlon cham- 
ber? 

Ans. It is some- 
times called the 
clearance, as it is 
the space which is 
not displaced by 
the piston on its 
inward stroke. 

Ques. What 
does the size of 
the combustion 
chamber deter- 
mine? 

Ans. The degree 
of compression ; the 
smaller the cham- 
ber in proportion to 
the piston displace- 
ment, the higher 
the pressure to 
which the mixture 
is compressed. 

Ques. How Is 
the cylinder sup- 
ported? 

Ans. By the 
crank case, which 
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is a closed box-like structure made up of an intermediate piece 
to which the cylinder is attached, and a lower piece which re- 
tains the oil. 

Ques. Describe the piston. 

Ans. It consists of a cylindrical box. of proper size to slide 
back and forth in the cylinder bore, and is of the type known as 
"trunk piston." 



Figs. 2,720 to 2,731. — Govemar and vnlve mechanism of Domestic, tyiie F, eogine. 

This form of piston performs the duties of both piston and cross head. 
The piston is single acting, that is, it is acted upon bj; the power on one 
face only. To prevent leakage, several grooves are ctit in its circumference 
to receive packing rings, the type generally used being known as "snap rings . " 

Ques. How is the piston attached to the connecting 
rod? 

Ans. The upper end of the connecting rod is pivoted to a 
"wrist pin," which is inserted in the piston through a hole bored 
through its central diameter. The wrist pin is retained in 
place by two set screws. 

Ques. Describe the construction of the piston packing 
rings. 
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Ans. They are made from? a pijpe shaped casting, which is 
turned in a. lathe to an outer diameter slightly larger than the 
cylinder. The inner circimiference is then turned from another 
center, and the ring cut off and split at the thinnest section. 
Enough metal is removed at the split section so that the ring 
may be slightly compressed and again turned externally to the 
diameter of the cylinder while compressed. The latter operation 
causes the ring to bear evenly against the cylinder walls, thus 
making a tight joint. 

Although formed of a brittle substance, piston rings have considerable 
elasticity, being capable of opening sufficiently to be slid over the outer 
diameter of the piston, and to snair ' back into the grooves. 

Ques. What is the use and construction of the con- 
necting rod ? 

Ans. It transforms the to and fro motion of the piston 
into rotary motion and transmits the thrust or power impulse 
of the piston to the shaft. The connecting rod is usually of 
rectangular or I shaped construction, and has an adjustable 
bearing at each end. One end is pivoted to the piston by the 
wrist pin, and the other end to the shaft by the crank pin. 

Ques. Describe the crank shaft. 

Ans. This is formed from a solid steel forging, and consists 
of a central cylindrical piece, from which radiate one or more 
center cranks, corresponding to the ntimber of connecting rods. 
The order of cranks depends upon the type of the engine. 

Ques. What kind of valves are used on a four cycle 
engine? 

Ans. Poppet or mushroom valves. These consist of metal 
discs beveled aroimd one face, so as to fit into a countersink in 
the port; they are carried upon spindles. 
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The automatic inlet valve, operated by suction of the piston against the 
tension of a spiral spring, has been extensively used, but has been largely 
replaced by the positive type. The reasons for this change are: 1, that tws 
automatic valve often sticks with gummed oil on its seat ; 2, that the sprii^ 
tension may vary, thus changing the fuel pressure in the cylinder; 3, that it 
is noisy ; 4, that its operation on high speed engines is unreliable. As against 
these defects, the po»tive inlet valve possesses the advantages of opening 
and clodng as desired without noise or sticking, and of giving the same; 
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Ques. Describe the valve gear. 

Ans, The valve stem is made of sufficient length to extend 
■down into the crank case; it enters through. a bushing which 
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serves as a guide. Attached to the end of the stem is a roller 
bearing, which rides on a cam attached to the cam shaft. The 
latter is geared to the crank shaft in such proportion that it 
makes one revolution to every two of the crank shaft. By means 
of a spring, the roller bearing is held in contact with the cam. 



Pic. 2,728. — Poos bit or niiss govemor. In oparatlon, at normal ap«d, the blade A. od 
fuel lever B. operated by a cam on the gear wheel C. strikes the notched finger D, on 
end ol the pash rod E, causing the fuel valve to open and admit a chaive into the cylin 



push the notched finger D, out of its normal piHilJon. so that the fuel lever bl&de A. faili to 
hit it. and thus allons the fuel valve to lemain closed. The fuel supply being thus cut off. 
the speed decreases and the governor balls return to their onginaT position, releasing the 
preasure on the lovfer end of the govemor lever and allowina the notched ADger D. to resume 

that centmugal fly ball governors operating on the hit or miss principle mfty b« attached 



ontaljy to a tranaverae secondary shaft as in the foregoing case, or they may be plaiced 
iically at the aide of thecylindec and receive their motioatrom ■ l"iigitn1intl M — ' — 
ft'throttgh the medium of bevel gearing. 
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Ques. Are two cam shafts necessary? 

Ans. The valves may be operated from a single cam shaft 
when they are located on one aide of the cylinder; when the 
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Carburettors. — ^A carbtirettor is a vessel in which the gasoline 
is vaporized and mixed with air, prior to its introduction into the 
XX)wer cylinder, and the highest fuel efficiency is obtained from 
the use of such devices as those which will completely saturate 
the air with gasoline vapor. 




Fig. 2,730. — ^A rudimentary ,'or simple form of spray carburetter iUustratinff the i>rtnciple8 of 
operation emplojred in the modem device. A, is the receiving chamber ; B , the mixing cham- 
ber. A connecting passage conveys fuel to the spray nozzle 0, controlled by the needle 
valve D, by turning the thumb wheel E. Air enters through the primary passage in the 
base and through the auxiliary ports P. the latter being adjustable by the ueeve G, and the 
mixttu^ to the engine, controlled by a throttle located above the sleeve. 
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The operation of a carburettor may be clearly explained by 
considering the simplest form, or what may be called a rudimen- 
tary carburettor having a sprayer and means of regulating the 
mixture by hand as shown in fig. 2,730. 

The drawing illustrates a receiving chamber A, and a mixing 
chamber B, the two being connected by a small passageway or 
duct which terminates at the sprayer C, made adjustable by the 
needle valve D. The lower end of the mixing chamber B, is 
open to the atmosphere, while the upper end is provided with 
auxiliary air ports P, having a collar or sleeve G, with which to 
adjust the opening of the ix>rts to the atmosphere. 

In explaining the action of this rudimentarv carburettor, it is necessaxy 
to assume tl^e receiving chamber A, to be filled with gasoline to a level M^f, 
verv near the elevation of the spray nozzle, and also to assume the supply 
replenished as it is used so that the fluid level MN, is maintained. 

Now, sujppose the upper end of the mixing chamber to be connected 
with an engine as indicated. Each intake stroke of the engine will displace a 
volume of air, causing a partial vacuum in the mixing chamber B; the 
intensity of the vacuum, as will be seen, depending on the engine speed. 

Assiuning the engine to be working at slow speed with a heavy load and 
the auxiliary ports F, closed by the sleeve G, the gasoline supply may be 
adjusted by the needle valve E, so that the engine will receive from the 
carburettor a mixture of the proper proportion of gasoline vapor and air.* 

If now part of the load on the engine be removed so that it will run 
say twice as fast, the same amount of air and gasoline for each charge 
must be received by the engine in one-half the time. Under these conditions 
the mixture would become too rich, that is, too much gasoline would be 
fed for the amount of air passing through the inlet at the lower end of the 
mixing dhamber. The excess of gasoline is due to the fact that in order 
to get twice the amotmt of air through the inlet the suction has to be more 
than doubled to compensate for the increased frictional resistance set up 
by the lugher velocity of the air passing through the inlet. The suction, 
or degree of vacuum m the carburettor, being more than doubled, it natur- 
ally follows that more than double the amount of gasoline will pass through 
the spray noz2le. This excess of vacuum is caused by the expansion of the 
air in entering the carburettor, increasing its velocity after expansion 
more than two fold. 



*NOTE. — ^The fuel charge for a gasoline engine consists of about ten to sixteen parts air 
to one of gasoline vapor. The proportion varies according to the conditions of the atmosphera* 
quality of gasoline and conditions of operation. 



GAS ENGINES 



In order to maintain the mixture in the same proportions for vaiTing 
demands, it is necessary to provide some means to keep the auction or degree 
of vacuum in the mixing chamber constant. The suction may be restored 
to its normal condition by slightly raising the sleeve G, so as to partially 
open the auxiliary air ports P. This allows some air to enter through the 
auxiliary ports, thus reducing the velocity of the entering air and relieving 
somewhat the suction at the lower inlet. The amount of opening of lie 
auxiliary air ports necessary for any change of engine speed may be found 
by experiment. 

By placing a throttle valve in the passage B, between the auxiliary ports 
and the engine the load may be altered without any variation in the engine 
speed by adjusting the throttle opening. 
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In actual construction, automatic devices are employed to maintain the 
gasoline in the float chamber* at constant level and to adjust the auxiliary 
port openings to different engine speeds. &rburettors of Uiis type are 

»(OTE.— In discussing the modern caTburettor, the term jloal chamber a used instead of 
receiving chamber as it la generally Iniown by that name, aince s float is almost always used to 
refiulste the now at goaoline into the chamber- 
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adapted to the requirements of variable speed ei^nes, as auto, and marine 
engines; for stationary service an auxiliaiy air valve is not necessary. 

The Mixture. — For stationary engines which operate at 
tmvarying speed, the carburettor may supply the mixture of gas 
and air in constant proportions. With the automobile engine. 



Fig. 2.733. — The mlxtnt ehambtr with its appeodages. UliutraUns, In ^neral. the wrangB- 
ment of parts, Che piiiiiaTy anu auxiliary air passages; auxiliary valve, Bpniw and adjustment; 
the spray noiile with needle valve and t^e tK^DttTe valve. Tie arrows indTcate the direction 

Dfflule. The mining chamtter is open to the atmosphere at its lower cod D, through whi^ 
the primary at mam air supply enters, A stcondary at auiaiary air supply is admitted 
Ihrouati the opening to the right, being controlled by the valve B, which is automatic in its 

able threaded apindle. In operaliartt the pressure in the mixing chamber la lower than 
that of the atmosphere; the degree oC vacuum depends on the amount of throttle opening, 
the engine speed, and the amount of opening for the primary and secondary air supply. The 
gasoline, aa It is sucked out of the noiile, made up as it is of hydrocarbons of different values 
from the point of view of weight and volatility, will hold to the globular form with more 
or less tenacity, depending upon conditions. That part of the liquid which vaponzes does 
BO through the abstraction ol heat from the remainder, which becomes constantly , oolder. 
Accordingly, it is desirable that there be provision for supplying beat to the miiture. or 
preferably to theliquid before itententbemiiing chamber, 

however, -the conditions are quite different, and it has been 
determined from experience and numerous experiments that a 
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constant mixture is not advisable from either the standpoint of 
fuel economy or best operation. Inasmuch as ignition conditions 
vary with the speed of the engine and the compression values 
vary similarly with the throttle opening, it follows that the 
mixture necessary for maximimi power at any given speed difiEers 
in accordance with the immediate conditions of combustion. 



Pro. 2J34.— AjKkctednuiinachsinberiBiMUalbutoli/ecttonaftlemethodof heatino. The 
miiing chamber as ihoim. la surrounded hy a SacVsl P, for healing the miiture. This is 
accomplished either by connection with the cooling water, or eihauit fiom the engine. 
During the sommer season, when the atmospheric temperatura is high, the heating uni^e- 
ment may be dispensed with. While this metiod usuBll:r improves the engine operation 
it reduces its power, because with heated pritnary air, the engine cannot taka in a full charge. 
The belter way is to heat the gasoline before it enlera the mixing chamber, either by. 1, 
jaclceting the flosC chamber, as in fig. 2.73S. or 2. by the use of a auperiiBater as in fig. 2.73 S. 

compression is lost by leakage, and the combustion can therefore be slower, 
thus sustaining the pressure. At high speeds the compression is higher, 
due to less leakage and less loss of heat. Therefore, iinless the mixture 
be leaner at high speed there might be danger of pre-ignition.* 



'NOTE.— The pnlii "pre" before ignition means that the fuel charge is ignited befo: 
ime of the spark and has no connection with the atiolte or crank position as dutinguiahed 
Is usage when speaking of (team enginea; for eumple, pre-adniiitim means that sU 
dmitted to the cylinder before tbe b^inoing of the stroke. 
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The quantity of mixture that an engine will take varies greatly with 
the speed. 

At slow speeds the volume at approxinuttely carburetter pressure is ap- 
proximately equal to the cubic content of the cylinders mtUtiplied by the 
number of power strokes. 



t ifrayint noaU. by 
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tains, immediately flies into a vapor while miiing with the air entering through the annuUr 
port B. Thm peculiar caiulrucllon of the port E. invta it the vetituri tube principle, 
Uu kmer half of the tube being praclically tamed ova. The fuel level in this carburetter 
ttmy be railed or lowered at wilf br turning the Imuiled nuts F, without interfering with 
Uie action oE the carburetter while tha engine is running, and thus the proper level is easily 
obtaioed. Th* ouf ar faekat can be removed by, uking otl the nut Q. or the Boat chamber 

positiori by uoicrewiug the float chamber, whish is merelv- a drawn brass iheU aa all con- 
nections an part of the cover. The tension of ikt auilllari/ talm mprlng is adjusted by 
taming th» wing out 1, without interfering with the aotinn of the valve. Th* n—dtm ealv 
4(f/u«fm«Rt iamadeby tuminff theair tuba Cb/ineanBof italtnurledhead J, and it is held 
in any position by tightening the knurled jam nut K. An Intereatlna feature is that all 
adjustments, including the removal of the float chamber, are made wittiout even the use of 
j^ — 1..J.I » ji» — t ..,, illustration simply by the abaence of the jacket 
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At high speeds of one thousand revolutions and over the quantity may 
drop to less than one-half the theoretical amount, depending on the des^ 
of the valves, inlet piping apd carburetter passages. TTiis peculiarity 
reacts upon the compression, and hence on the mixture desired. 

The design and class of ignition used have also a marked influence. 
Poorer mixtures can be used, as the spark is hotter, the throttle can be 
more neariy closed, resulting in increased engine capacity and fuel economy. 

Carburetter Troubles.— Preliminary to hunting for car- 
buretter troubles, it should be ascertained that there is some 



[ valve by connectmv it between the gaaoline supply and the carburetter, as here shown, 
adino a three^iehths inch pipe from the eihauit to the superheater. Th« exh&ust 
, or flexile pipe shown in part should be tapped into the eihaust pipe as close to the 



gasoline in the tank, and that the valve on the pipe leadii^ from 
same is open. 

The carburetter is too often blamed for faulty engine per- 
formance, which should be attributed to defects in the ignition 
system. Such symptoms as fouled plugs, black smoke in the 
exhaust, etc., point at once to the carburetter, but in cases 
where such obvious signs are wanting, the ignition system should 
first be thoroughly examined. 
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The following carburetter troubles are frequently encountered; 

they are for the most part due to inattention or carelessness, 
rather than to defective mechanism. 

No Flow of. Gasoline. — Sometimes little, if any, gasoline 
will flow to the nozzle even when the carbiu-etter is flooded in 
the usual manner. A quantity of dirt sufficient to stop the 



Fio. 2,737. — The Sttomberg CaiburBtter. The principal features oi 

glass float chamber, concentric float, venturi shaped mixing chamber, adjuatable pnmary 
aJT inlet, and a two spring adjustment for Che auxiliary valve, in operation the gasoline 
supply is controlled by the float F, through levers J and V, the latter pivoted at P. and 
connected lo needle valve N. The float is adjustable by the apnng I, and nut N A. secured 
in position by the plunger L P. Primary air enters at A, and is Teaulaled by the adjustable 
cup B, secured by the plunger B'. The drip cock C, drains the float chamber. Themin- 
ture from the venturi tube V. receives Bupplementary air thiQugh the aumliary valve N, 
thence it passes to engine throueh throttle X. The auiilUrv valve is contmlled by two 

"nie springs have adjusting nuts and self locking devices Z and Z'. 
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flow of gasoline, may have gathered on the wire gauze in the 
supply passage. The gauze and also the float valve, spray 
nozzle, and connecting passage should be cleaned. In removing 
the needle valve to clean the spray nozzle there is no need of 
losing the adjustment, as after the set screw which locks the 
adjustment is loosened, the needle may be turned down to a 



, , /n pr/n«((<to, the dctioo o( « fluid or gas in 

pu«ng through a tube of variable cross section u axoh that the quantit/ whioh posses any 

inveTsely pTc^rtkmal to the areas of the aectians. The pressure is greatest at the largest 
section and least at the smallost . The elTec t is known is the ivnluri principle. This principle 
has been utilized by shaping the milting chamber lilce two hollow truncated conefl» aa hera 
shown with their email ends wrought toother, or in other wi 
By locating the spray noiile at toe point of ■ ■ 



itQttle E. Auxiliary air enters through 

the floor of an extension H, of the mixing 

ded in the opening in 

. metal bronze fa^ L, 

ip of the extension H. 

.. , ._.. . jpemted through levei 

S. Complete control of the noiileN. is through the needle valve V, which at the top of the 
oarburetter has a T piece X. by whbh it can be raised or lowered, thereby regulating the flow 
ofguohne. A aerratod hub W', ol the throttle, permit* the handle "' -- "-- ' ' 

which is a separate casting, can be turned to any deeiKd positii 
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complete dose, and the number of turns required noted, from 
which the old setting may be again obtained. 

Flooding. — If not caused by a defective float, the float valve 
should be examined for imperfect seating. If a carburettor be 
not well stayed, vibration may keep the float valve off its seat, 
and continuous flooding result therefrom. 

The leak may usually be stopped by grmding the valve on its seat with 
a little whiting, or even grinding the Beat and valve together without any 



Pig. 2.T3S. — The lurface or "puddle" type of oirburettor. ._. 

tube or mixins chamber as jndicHted by the arrows- The unall puddLe ot ffaaoline ■■■ ui* 
bottom of the mixiog chamber ia miud with the air by aurface cooUct. The size of the 
CTQ9S section of the mijuns chamber ia usually T^uced at the reaioa of the puddle so aa to 
increaae the velocity of the inflowtnv air. The graioline level in the float chamber ia malii- 
tained iliBhtly higher than the fuel inlet to the miiing chamber, feeding the puddle by 
gravity. Heuce. no initial Buctiou ig required to cause a flow of gasoline into the mixing 
c h a jn ber. 

abrasive, holding the valve and seat in their true relative positions, and 
giving them a motion or rotation with moderate pressure. 

Carburettors having offset float chambers may flood when the car is not 
level, as, for instance, when standing on a grade. 

Flooding may be caused by dirt under the float valve; this can often 
be removed by depressing the float, thus opening the float valve and flushing. 

Leaking Float. — Persistent flooding is frequently due to 
this cause. The presence of liquid inside a metal float is de- 
tected by shaking it, and the hole through which it entered 
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located by heating the float and passing a hghted match over the 
surface, which will ignite the issiung vapor. 

To repair, the hole is enlarged with an awl, the iloat drained, and soldered. 

Leaking Tank. — Tanks are liable to leak through the 
opening of the seams by jarring or vibration. 

Galvanized iron tanks, such as are furnished on some machines, should 
be discarded when a leak results from rust, as it is practically no use to 
solder it. A heavy gauge copper tank should be substituted. 




2.740 to 2,746.— Seven 
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The supply pipe should be made flexible by a loop to avoid strains due 
to vibratton. All soldered connections should be inspected from time to 

Loss of Buoyancy. — ^A cork float sometunes loses its buoy- 
ancy by becoming saturated with gasoline. 

It should be removed and thoroughly dried by placing the 
float in a warm place; after drying, a coat of shellac should be 
applied. 

Impure Gasoline. — Many carbiu-etter troubles would be 
avoided if more care were taken to free gasoline of ail dirt 
before its entrance into the tank. 
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When filling the tank, a strainer funnel shovdd be used. A piece of 
chamois skin makes an excellent filter; if a wire gauze be used it should have 
a very fine mesh. In the absence of a strainer funnel, three or four layers 
of fine linen fitted inside an ordinary funnel may be used. The same 
funnel shoiild never be used for both gasoline and water. 

Stale Gasoline. — ^When a car is not used for some time the 
gasoline in the float chamber loses its strength. 

If the engine should not start, the tank valve should be closed, and the 
carburetter dbrained through the pet cock, which is usually provided in the 




Pigs. 2,747 to 2,751. — A few examples of carburetter design, showing courses followed by the fuel 
after leaving the nozzle, for different arrangements of parts and passages. The heavy arrowed 
line leading from the nozzle X'indicates the course taken by the mixture as influenced by the 
desijgn. These dia^^ms are self explanatory, and show that liquid globules are precipitatcxl 
against some portions of the mixing chamber wall almost immediately after leaving the 
noz^e. This tends to distuit> the homogeneity of the mixture, and requires that provision 
be made for correcting this effect in the remainmg portions of the passage. 

bottom of the chamber for this purpose. When empty, the pet cock should 
be closed and the tank valve oi)ened, not forgetting to give the float 
chamber time to fill before trjring to start the engine. 

Low Grade Gasoline. — This sometimes causes the engine 
to misfire and not develop its full power. Inferior fuel is gen- 
erally indicated by a smoky exhaust and a disagreeable odor. 
Gasoline suitable for automobile use shotild test 76 degrees, 
or not much below this gravity, although the kind now furnished 
or so called gasoline, is almost the same as kerosene. 



Water in Gasoline.— This is generally indicated when the 
engine runs irregularly, and finally stops. 



^ 



1,394 GAS ENGINES 

To test, a small quantity of the gasoline is placed on a clean knife blade 
or other smooth metallic surface. The gasoline will evaporate, and if 
water be present it will collect in small globules unless the water has been 
purposely chemleallv combined with the gasoline. Gasoline and w»ter 
chemically combined will bum slowly with a yellowish flame. 

Freezing of Carburetter. — When water enters the float 
chamber it settles to the bottom and in cold weather prevents 
the action of the float by freezing; the water is also liable to 



Fto. 2.752. — A vBporiur or gmtT».tot vilve. This diSen from a orbnntter ia th« Kbwnoa 
of a float chamber-, and consiats of a mixing chamber contAininjf a check vidve and haviiw: 
l,Bnairinlet;Z,aBaKiUneinlet;ard3.Bnexittoengine. lU eimmtlon,imtrMinasOn£e 
suction stroke, the partial vacmua produced ia the iniiing chamber A. permits the «tmo^ 

19 held in positionbythc washer I and cotter H, During thia period, the eosolinevalveia the 
port seat is uncovered arui a small amount of Rasoline is sprayed into the incoming volume 
of air and paasea into the mixing chaTrrber- where the muing is further assidted, in eotno 
designs, by bafHe walla. At the end of the suction stroke the presaare in the mixing chambier 
becomes equalized with the atmosphere and the spring causes the valve F, tc Mat, thereby 
retaining the mixture and shutting olT any further injection of gasoline or air. The gaso- 
line supply may be adjusted by the needle valve O, operated by thb thumb wheel P, which 
has a nat spot on its cirujJmference on which the spnna S. bears to retain the adjustment. 
The spring can be turned to any position by looseniiw the lock nut T. The volume of mix- 
ture to the engine is regulated by a sliding throttle D. operated by lever M. and locked by 
■pring N. which engages notches in a graduated dial. A vaporuer when used on a two 
cycle engine requires no check valve between it and the engine. 

enter the spray nozzle where it may congeal. When heavy 
demands are made on a carbtiretter it becomes very cold, as 
the heat required to effect evaporation is much more than that 
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available from the entering air. Under extreme conditions 
moisture is deposited in the form of frost, indicating a tempera- 
tiire in the carburetter too low for good working. 

These conditions may be avoided by jacketing or heating the air supply, 
or preferably by pre-heating the gasohne. 

Cold Weather. — In extremely gqld weather it may be 
necessary to warm the carburetter and admission pipe. This 
may be done by pouring boiling water over them. 

CSranking. — So far as carburetter action is concerned, a few 







Ok. 



Fig. 2,753. — An air inlet pipe. This consists of a short lensrth of pipe threaded at one end and 
screwed into the air inlet of a vaporizer. A savin^f in fuel is secured by its use as any gaso- 
line or vai>or that may be blown into the inlet when the valve seats, is retained in the 
pipe and drawn into the mixing chamber during the next suction stroke. Without any ex- 
tension of the inlet, this fuel would be blown out into the atmosphere and lost. 

quick turns of the crank will be more likely to start the 
engine than ten minutes or more of slow grinding. 

Misfiring. — This is frequently caused by too weak, or too 
rich a mixture. Misfiring allows the unbumt charge to accumu- 
late in the exhaust pipe and muffler; sometimes accumulated gas 
is ignited by a later charge, causing a very loud report like a tire 
explosion. Misfiring on slow speed may be caused by too weak 
a mixture due to having the float set too low, or by leaks in the 
pipe and connections between the throttle and the engine. 

After Firing. — This is usually caused by the delayed ignition 
or combustion of the previous charge, due to a mixture that is 



J 
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too rich or too weak, hence it bums slowly with continued com- 
bustion after passing into the exhaust. 

Weak Explosions. — Quite r^ular, but weak explosions may 
be due to either too rich, or too poor a mixture, or to the loss of 
compression. 

A hiss inside the cylinder indicates a leaky piston ring, or that 
the openings of the piston rings are in line. 
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altiding collar, valve, flap, or any other device that can be easily opened or closed h\ 
on the steering column, the essential feature being that it must be fairly well air tigl 
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A little soapy water around the 
relief cock, spark pli^, or other open- 
ing into tbe combustion space wUl 
indicate a loss of compression by the 
formation of bubbles. 



Ignition. — Most treatises on 
ignition begin with an explana- 
tion of electrical principles and 
considerable space is thus taken 
up, which, if confined to the 
main subject, would be of greater 
value to the reader, assuming 
that he either has an elementary 
knowledge of electricity, or that 
he will acquire this knowledge 
elsewhere. 

For convenience of the reader 
a very condensed summary of 
the electrical principles em- 
ployed in ignition is here given. 



n e^solinB system, 
uum tank is divid- 



nnccta it with the 
TliE lower cham- 



As the gasoline flows into this upper chamber i 
'aXvi reaohes a oertain height it automatically shut 



process of refilling theupper chamber beEina at 
tinuoualy and absolutely automatically. The 1 
phere, » that gasoline Howa to the car' -'— 
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Electricity. — ^The name electricity is applied to an invisible aeent 
known cmly by the effects which it produces, and the various ways in which 
it manifests itself. 

Electrical currents are said to flow throufl^ conduOcrs, These offer more or less resistance 
to the flow, dependinsr on the material. Copper wire is generally used as it offers little resistance 
to the flow of the current. 

The current must have pressure to overcome the resistance of the conductor and flow. 
This pressure is called voltage caused by what is known as difference of pressure between the 
source and terminal. 

An electric current has often been compared to water flowing through a pipe. The pressure 
under which the current flows is measured in volts and the quantity that passes in amperes. 
The resistance with which the current meets in flowing along the conductor is measured in ohms. 

The flow of the current is proportional to the voltage and inversely proportional to the 
resistance. The latter depends upon the material, length and diameter of the conductor. 

Since the current will always flow along the path of least resistance it must be so guarded 
that there w£il be no leakage. Hence to prevent leaka^, wires are insulated, that is, covered 
by wrapping them with cotton or silk thread or other insulating materials. U the insulation 
be not effective, the current may leak, and so return to the source without doing its worth. 
This is known as a short circuit. 

The conductor which receives the current from the source is called the lead and the one 
by which it flows back, the return. 

When wires are used for both lead and return, it is called a metallic circuit; when the 
metal of the engine is used for the return, it is called a grounded circuity the term originating 
in telegraphy, ^ere the earth is used for the return. 

In ignition diagrams, then, the expression "to grotmd'* means to the metal of the engine, 

^ An electric current may do work of various kinds, but the one property which makes it 
available for ignition is the fact that whenever its motion is stopped by interposing a resistance, 
the energy of its flow is converted into heat. In practice this is accomplished in two ways: 
1, by suddenly breaking a circuit*, 2, by placing in the circuit a permanent air gap which "Uie 
current must jump. In either case, the intense heat caused by the enormous resistance inter- 
posed, produces a spark which is utilized to ignite the charge. The first method is known as 
the rnake and brmak or low tension and the second, the Jump apetrk or high tension. 

An electric current is said to be: 1, direct, when it is of tmvarying direction; 2 ^ alternating, 
when it flows rapidly to and fro in opposite directions; 3, primary, when it comes director 
from the source; 4, secondary, vrhen the voltage and amperage of a primary current have 
been changed by an induction coil, 

A current is spoken of as low tension, or high tension according as the voltage is low or high. 

A high tension current is capable of forcing its way against considerable resistance, whereas 
a low tension current must have its path made easy. A continuous metal path is an easy one, 
but an interruption in the metal, as, the permanent air gap of a spark plug, is difficult to bridge, 
because air is a very poor conductor. Air is such a poor conductor that it is usually, though 
erroneously, ^)oken of as a non-conductor; it is properly an insulator. 

The low tension current is only^ able to produce a spark when parts are provided in the 
path, so arranged that they may be in contact and then suddenlv separated. The low tension 
current will, as the separation occurs, tear off very small metallic particles and use these as 
a bridge to keep the path complete. Such a bridge is called an arc, the heat of which is used 
for ignition* 

Magnetism. — ^The ancients applied the word "magnet," magnes lapes, 
to certain hard black stones whicn possess the property of attracting small 
pieces of iron, and as discovered later, to have the still more remarkable 
property of pointing north and south when hung up by a string; at this 
time iJhe magnet received the name lodestone. 
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The automobile word magneto is derived, as may easily be understood, 
from the word magnet, 

Ma^rnets have two opixseite kinds of magnetism or masnetic poles, which attract or repel 
each other in much the same way as would two opposite kinds of electrification. 

One of these kinds of magnetism has a tendency to move toward the north and the other» 
toward the south. 

The two regions, in which the magnetic propertv is strongest, are called the Poles, In 
a long shaped magnet it resides in the ends, while all around the magnet half way between 
the poles there is no attraction at all. The poles of- a magnet are usually spoken of as north 
pole and south pole. 

When a current of electricity passes through a wire, a certain change is produced in the 
surrounding space producing what is known as a magnetic field. 

If the wire be insulated with a covering and coiled around a soft iron rod, it becomes 
an electromagnet having a north and south pole, so long as the current continues to flow. Hie 
magnetic strength increases with the ntunber of ttims of uie coil, for each turn adds its magnetic 
field to that of the other turns. 

Induction. — If a second coil of wire be wound around the coil of an 
electromagnet, but not touching it, an induced current is produced in this 
second coH by what is known as induction, each time the current in the 
inside coil begins or ceases flowing. The inside coil is called the primary 
winding and the outside coil the secondary winding. Similarly, the current 
passing through the inside coil is called the primary current and that in 
the outside coil the secondary or induced current. 

It has been found that by var>ring the ratio of the number of turns in the two coik, the 
ratio of volta^ of the two currents is changed approximately proportionately. That is, if the 
primary winding be composed of ten turns and the secondary, of one hundred, the 'voltage of the 
secondary current is increased approximately ten times that of the primary. This principle is 
employed to produce the extremely high tension current necessary with the jump spark method 
of igmtion. 

Methods of Producing Electricity. — Currents are produced by, 
1, chemical, and 2, mechanical means. In the first method, two dissimilar 
metals such as copper and zinc called electrodes are immersed in an exciting 
fluid or dielectric. When the electrodes are connected at their terminals 
by a wire or conductor, a chemical action takes place, producing a current 
which flows in the external circuit from the copper to the zinc. This device 
is caUed a cell, and the combination of two or more of them connected 
so as to form a unit, is known as a battery. 

The word battery is frequently used incorrectly for a single cell. That 
terminal of the copper electrode from which the current flows is called a 
plus or positive pole and the zinc electrode terminal a negative pole. It shovdd 
be carefully noted, however, that the copper electrode itself is negative 
and the zinc electrode, positive. 

Cells are said to be primary or secondary according as the^ generate a current of them- 
selves or first require to be charged from an external source, storing up a current supply which 
is afterwards yielded in the reverse direction to that of the diarging current. 

There are two methods of producing an electric current b>r mechanical means, 1, by a 
dynamo, and 2, by a magneto, A dynamo has an electromagnet which is known as a fidd magnet 
to produce a magnetic field and an armature which when revolved in the magnetic field develops 
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electric current. A masneto has a ^nxlanent magnet to produce the magnetic field and an 
armature which is usually arranged to revolve between the poles of the magnet. 

The basic principles upon which dynamos and magnetos operate are the same. 

Magnetos are divided into two classes, 1, low tension^ and 2, high tension according as 
they generate a current of low or high voltage. Low tension magnetos are used for make 
and break ignition and the high tension type for the I'ump spark system. There are numerous 
so called high tension magnetos on the market eacn consisting of a low tension magneto in 
combination with a secondary induction coil used to produce a high tension spark. 

Methods of Ignition. — The charge in the cylinder of a gas 
engine may be ignited in several ways, as 

1. By means of a naked flame; 

2. By means of a highly heated metallic surface; 



CNI 




LOW TtN&ION 
tMAKCANO BREAK 



Pigs. 2,757 to 2,761. — ^Various methods of ignition. Fig. 2,757, naked flame; fig. 2,758, hot 
tube; fig. 2,759, hot ball; fig. 2,760, low tension electric or make and break; fig. 2,761, high 
tension electric or jump spark. 



3. By an electric spark; 

4. By the heat of a very high compression. 

The naked flame is practically obsolete, and the hot surface or hot tube 
is used to a very limited extent, except in the case of some types of oil 
engine. Many builders of standard engines, however, are prepared to fur- 
nish hot tube ignition, though electric ignition represents fiie standard 
practice. 

There are two electric systems in general use for igniting the 
charge by electricity. 
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1. The low tension, or make and break; 

2. The high tension, or jump spark. 

The low tension system is electrically simple and mechanically 
complex, while the high tension system is electrically compli- 
cated and mechanically simple. 

Low Tension Ignition. — In this system there is a device 
known as an igniter y placed in the combustion space of the engine 
cylinder. This consists of two electrodes, or spark terminals, 




EKPLOSION LINE. 

POINT OF IGNITION 

COMPRESSION CURVE 



Fig. 2,762. — ^Iiidicator card for gas engine illustrating the "point of ignition." It will be 
noted that compression continued to the end of the stroke, before the compression curve 
made an abrupt change into a nearly vertical line, the point of ignition, that is, the piston 
position at the instant of the spark, the nearly vertical "explosion" line with the high peak 
cbming almost to a point, denotes a strong mixture and a quick explosion. 

one of which is stationary and the other movable. The station- 
ary electrode is insulated, while the other having an arm within 
the cylinder and placed conveniently near is capable of being 
moved from the outside so that the arm comes into contact 
with the stationary electrode and separates from the latter with 
great rapidity. This sudden breaking of the circuit produces 
an electric arc or primary spark caused by the inductance, that 
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is, by the "inertia" or tendency of the airrent to continue flowing 
after the separation of the contact points. 

The current may be derived from either a primary battery, 
storage battery or low tension magneto. 

While it is possible to produce a spark by simply breaking a battery 
circuit, it is necessary in order to have a spark of sufficient intensity and 
duration to introduce into the circuit a primary induction coil consisting of 
a long iron core wound with a considerable length of low resistance insulated 
copper wire. When a magneto is used, the coil is not necessary as the 
armature winding serves the same purpose. A magneto furnishing either 
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Fig. 2,763. — A low tension or make and break ignition system. In (q;)eration, as the nose of 
the cam G. |>asses rod F, the latter suddenly drops by the action of spring H. ^ The head ot 
the rod, which has been raised by the cam somewhat above the arm of 1>, will in its descent 
strike D, a blow which abruptly breaks contact between D and B, thus producing a spark. 
When not acted upon bv the head of the rod F, D, is held in contact with B, by the Spring E. 
The system is explained in detail in the text. 



direct or alternating current may be used; the voltage will depend on the 
armature speed ana the strength of the magnets. 

.Iridium or platinum is used for contact points of the electrodes, as these 
metals resist the oxidizing effect of electricity and heat better than others. 

In low tension ignition a considerable interval of time is, required for 
the current to rise to its full value and the time of separation of the electrodes 
should not be sooner than the moment when the maximum ctirrent strength 
has been attained. When a magneto is used the current strength increases 
with the speed, hence the contact interval can be shorter at high spells 
than when a battery is used. 



GAS ENCmBS 



The operation of a low tension ignition system is illustrated 
n fig. 2,763. 

At the instant the circuit is broken by the separation of the contact 
points, the self-induction thus set up in the coil K, opposes any rapid charu;e 
in the current strength, hence, the current continues to flow momentarfly 
after the circuit is broken, resulting in a primary spark. The action is the 
same as liioiigh the current possessed the property of "inertia," that is, 
time and resistance both are necessary to bnng it to a state of rest. This 
inertia efiect is intensified by the action of tiie induction coil. When a 
magneto is used, the armature windings serve the same purpose. 

The timing of the spark is accomplished by the adjustable guides L, whidi 



Fic 2.764- — Wtp€ contact igniter. It conaiitA of tvo independent e!ectn»dea. the itationaiy 

the igniter rod C, the revolving bl&de D, ia brought into contact with the tpting E. at eu^ 
roUtion and produces the ipark. In this arrangeinent the break is more eaective than 
in the hammer bieak type, and giveB a larger spark with a given battery capacity, while 
at the same time, the wiping contact of the two partd prevents the accumulation of burnt 
carbonoracaleon their edges, and thus serves to keep the contact surf acea bright and cleaji. 

pcsed to the eitiemely high temperatures developed within the cyhnder. Ilie use of Hat 
mrings ia psrticularlj' disadvantageoua as it is very difficult to temper them uniformly, and 
they are consequently liable 1o break without warning. Furthermore, the wear of the 
" electrodes ia excessive. The moment of ignition can be adjusted while theengineiflrunning 

isniter ia located in the inlet chamber C, directly 
H, and either one of the electrodes can be reached 
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In make and break ignition it is necessary in order to produce 
a good spark, that the "break" or separation of the contact points 
of the igniter should take place with extreme rapiditg, that is the 
spring H (fig. 2,763), shoiald be sufficiently strong to cause the 
shoulder or rod F, when it faJls, to strike the igniter arm a 
decided blow, thus quickly snapping apart the contact points. 

Ques. State some disadvantages of low ten- 
sion ignition. 

Ans. Mechanical con 
wear of the igniter po 
through the igniter. 

Ques. For what servii 
espedally suited? 



Pic. 3,7*5. _,, ._ 

valve* of engin* ihowing not 
taba method of isnitkin. In con- 
atrudlon, a valve A. commonLy 
cftUed the timing valve, is provided, 
and which ia interposed between 

(ooinrauiiicatiaB with Ihe cleaience 
q>Bce of the cylinder), and the in- 
tenor of the hot tube C. Thiavalve 
it Domidly hetd closed by the iprinff 
D. Wben the piston reached its 
ianar dead piHiit at the end of the 
com p re nk m gtrolte.a cam E. on the 
■BCO n diny shaft, opens the valve 
and aHowa a portion of the com- 
p igBed diaree to pass into ^e hot 
tube where it ignites. The timing 
valve LB held open throughout the 
power and eihauat Btrokes. thus 
permitting the nioducts of combus- 
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Pig. 2.767. — Sectional view of Domestic cylinder Bud head showing make ai 



Pig. 2.708. — Domestic igniter arm, Eovemor rod and speed levo 
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Ana. For marine service especially in open, ofE shore fishing 
boats, such as Cape Cod dories, Sea Bright skiffs, etc. 

High Tension Ignition.' — In this method of producing a 
spark, a device called a spark plug is employed. This consists 
of two stationary electrodes, one of which is grounded to the en- 
gine cylinder and the other insulated. The points of the elec- 
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trodes are permanently separated from each other by about 
V^ of an inch, the space between the points being known as 
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an air gap. This space offers so much resistance to the flow 
of an electric current that a very high pressure is required to 
cause the current to burst through the air gap and produce a 
spark, hence the term *'high tension ignition.*- 

Since the spark jumps from one electrode to the other, this 
method of igniting the charge is also known as the jump spark 
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Fig. 2,770. — Diagram illustrating the principles of high tension or jump spark ignition. The 
nose of the cam in revolviiu; engages the contact maker which completes the primary cir- 
cuit and allows current to now from the battery through the primary winding of the coil; 
this magnetizes the core. The primary circuit is now broken by the action of the cam and 
magnetic changes take place in the coil which induce a momentary high tension current 
in the secondary circuit. The great pressure of this current forces it across the air gap of 
the spark plug and as it bridges the gap a spark is produced. The arrows indicate the paths 
of the currents. 



system. The spark itself is properly described by the prefix 
high tension or secondary. 

In the production of the spark two distinct circuits are necessary: 1, a 
low tension or primary circuit, and 2, a high tension or secondary circuit. 
The current which flows through the low tension circuit is called the primary 
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currtnl, and that which it induces in the high tendon circuit, the secondary 

In order to obtain the high pressure required to produce a spark, a device 
known as a secondary induction coil is used which transforms the primary 
current of low voltage and high amperage into a secondary current of high 
voltage and low amperage, that is, the quantity of the current is decreased 
and its pressure increased. 

The general principles upon which high tension or jump spark ignition 
is based are as follows: 



c device is placed in the primary circuit which closes and 

opens it at the time a spark is required. When the circuit is closed, the 
primary current flows through the primary winding of the coil and causes 
a secondary current to be induced in the secondary windii^. The spark 

Slug being included in the secondary circuit opposes the flow of the current 
y the high resistance of its air gap. Since the pressure of the secondary 
current is sufficient to overcome this resistance, it flows or "jumps" across 
the gap and in so doing intense heat is produced resulting in a spark, 

Sometnnes the spark is obtained by keeping the primary circuit closed 
except during the brief interval necessary for the passage of the spark at 
the plug points. A secondary spark, then, may be produced by either open 
or closed circuit working, that is, the primary circuit may be kept eiUier 
opened or closed during the intervals between sparks. 
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CONDENSER 

ttlG. 2.772.— Diagratn of a vibrator coU. The parts are as follows: A, screw contact; B, battery; 
C, core; D, vibrator terminal; G, condenser; P, primary winding; S, seeondarjr winding; 
W, switch; Y, vibrator. When the switch is closed, the tollowing cycle of actions takes 
place: 1, the primary current flows and magetizes core, 2, magnetized core attracts tiie vibra- 
tor and breaks primary circuit, 3, the magnetism vanishes, '.nducing a momentar^r lugh ten- 
sion current in the secondary winding, 4, magnetic attraction of the core having ceased, 
vibrator spring le-establishes contact, and 5, primary circuit is again completed and the 
cycle begins anew. 





Pic. 2,773. — ^A contact maker and mechanical vibrator or trembier. The case A, is usually 
attached to the gear box of the engine; B, is the blade; C, a platinum contact point; D, an 
insulated adjusting screw; E, a bushing with insulation; P, the operating cam. As this cam 
revolves, the weight on the end of blade B , drops into the recess on the cam, causing the blade 
to vibrate and make a number of contacts with D, thtts producing a series of sparks when in 
operation. 

Pig. 2.774,— A contact breaker. This device keeps the circuit closed at all times except during 
the bnef interval necessary for passages of the spark at the plug points. Used to advantage 
on engmes ninnin^ at very high speeds, as it allows time for the magnetic flux in the core 
of the coil to attain a density sufScient to produce a good spark. 
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The automatic device which controls the primary current to produce a 
spark by the first method is called a contact mater, and by the second 
method, a contact breaker, A closed primary circuit with a contact breaker 
is used to advantage on stnsM engines run at very high speed as it allows 
time for the magnetism or magnetic flux in the core of the coil to attain 
a density sufficient to produce a good spark. The word timer is usuallv 
applied to any device which controls the primary current, when it controls 
both the primary and secondary currents, as in synchronous ignition it is 
called a distributer. 




CO^ITACT SCREW^^ J 



BATTERY 



Pig. 2.775. — Diagram illustrating the principles of synchronous i^tion. For elmammn th« 
primary and secondary elements of both tne coil and the distributer are shown separated, 
when the primary rotor of tiie distributer completes the primary^ circuit, current from 
the battery flows and the vibrator operates, making and breaking the cuirent with 
great frequency. A high tension current, made up of a series of impulses, is induced 
m the secondary circuit and distributed by the rotor arm during its revolution to the 

. several cylinders in the proper order of firing. 

Ignition Troubles.^ — To successfully cope with ignition 
troubles there are two requisites, 1, a thorough knowledge of the 
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system used and 2, a well ordered course of procedure in looking 
for the source of trouble. In many ignition systems, the chirf 
difficulty encountered in the location of defects arises from the 
fact that faults in different portions of the circuit sometimes 
make themselves manifest by the same symptoms. If each 
defect had its individual symptom, locating the trouble would 
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ill IfAown apart phiga. The fi 



I: five have porceUin 



be comparatively easy, but as it is, it is sometimes quite difficult 
to find the defective parts. In general the following method 
should be adopted to locate possible derangements: 

1. Examine the source of current supply; if a battery, test each cell 
separately and remove any found to be weak. When a magneto is used, 
disconnect the drive and turn armature by hand, if the field magnets have 
not lost their strength the armature should turn perceptibly hard during 
certain, persons of each revolution. 

2. Examine the primaty circuit for breaks in its continuity, see that all 
ccmnections are bright and firmly held together by the binding screws; 
the timer contacts should be clean. 
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3. The s[rark plug points should be dean and the air gap the proper length 
— about one thirty-second of an. inch, or the thickness of a dune. 

4. See that the vibrator contacts are in good condition and the adjust- 
ment correct. With this prehrainary examination the system may now 
be tested. 

Tesdng the Spark Plutf. — The spark plug should be unscrewed and 
placed on the cyhnder without disconnecnng the wire to the insulated 
elecbxxlei the body oC the plug cmly should touch the metal c^ the cylinder. 



Pig. 2,Tg3.-<:itciut duicniii of ■ mutar vibmtor coil, B. ig tbs battery: C, the unit coila; 
CI. C3, etc., the condenwn; P, the priiDS:y winding* uid S, the lecandaiy windmnj HI, 
m, etc., the spark plugs; T, ths limeri MP, the mmter ptTmary; V, the vibnitor; W, the 

nan imHed in parallel at the top by a wire Wf and with tbe lower endsconnectidg 



napectivelr with the tegmmti of the timer B. Tlie tvimatT winding MP. wbich operate* 
thevibntorV.il in leiiea with tU* winding, the wire WT. connecting [ironi the battery and 
pBinng dinctlv tbrou^ the master prinuiy MP. The tour condenaers CI. C2. C3 and C4. 
are in parallel with the primary windings. Each of the iecondary winding* S connect* 
direct to the ipsrk phigs, designalAd nBpectivelyHl.HZ, H3uid H4. 

On cranking the engine the spark should be "tat" if everything be in good 
condition; if a weak spark be produced it may be due to either a loose tei^ 
tninal, run down battery, or badly adjusted vibrator. When no spark 
can be obtained the entire system must be eicamined and tested, b^;inning 
at the battery. 

Plu2 Testing in Multi-Cylinder Enftinee.— All nuts are removed 
from the plu^, leaving the hieh tension wires in place. After startii^ the 
eiwine, all wires are grounded except one, thus running the engine on one 
cyfinder. In case there be no misfiring after testing at vanous engine 
speeds, it can be taken for granted that the plug is Bound. The a 
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Pic 2.7M. — CSieait diagram 
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known as a safety spark ^p ia introduced- Thia will allow the current to tiu 
ceTtainmaximum,afterwhichdischaiseswill take place through this Bap. In^onM 
the spark discharges over this gap are visible through a small glass window coi 
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plugs are tested in the same manner. When a multi-unit coil is used, a 
faulty plug may be located by holding down all the vibrator blades but one, 
so that oSHy one spark plug operates. Running each cylinder separately 
by this means,- it can easily be ascertained which plug is defective. Some 
coils are provided with little knobs for cutting out cylinders in the manner 
just described. 

Complete Break in the Wiring. — ^The engine is placed upon the spark- 
ing point, the primary switch closed, and the two terminals or the suspected 
wire touched with a test wire. A flow of current indicates a break. 

Partial Break in the Wiring. — ^A partial break, or one held together 
by the insulation, may sometimes be located by bending the wire sharply 
at successive points along its length, the engine being at the sparkmg 
point and the switch closed as before. 

Primary Short Circuits. — The primary wires should be disconnected 
from the coil, leaving the ends out of contact with anything. There is a 
short circuit if on touching the switch points momentarily a spark appear. 
A short circuit may sometimes be overcome by clearing all wires of contact 
with metallic bodies, and pulhng each wire away from the others which 
were formerly in contact with it. 

Secondary Short Circuits. — ^The secondary lead from the spark plug 
should be disconnected. Under this condition the high tension current 
may sometimes be heard or seen discharging from the secondary wire to 
some metallic portion of the car. Water in contact .with the secondary 
wire will sometunes cause a short circuit imless the instilation be of the best 
quality. 

The Primary Switch. — ^This portion of the primary circuit sometimes 
causes trouble by making poor contact. This is generally due to the 
deterioration of the spring portion of the metal, which gradually loses its 
resiliency. Snap switches sometimes fail through the weakening of the 
springs which hold them in the "on" or "off" position. The contacts of a 
switch should be kept in good condition. 

Primary Connections. — All binding posts and their connections should 
be dean and bright. The wires should be firmly secured to the binding 
XX)sts, as a loose connection in the primary circuit is often the cause of irreg- 
ular misfiring or the stopping of the engine. 

Vibration. — Since the wires are subject to constant vibration, a number 
of strands of fine wire is better than a single heavy wire, as the latter is mor« 
liable to be broken. In securing the wire to a bmding post, care should bti 
taken that all the strands are boimd. 

Timers. — These may give trouble by: 1, presence of dirt; 2, loose 
contacts^ or 3, division of the spark; this latter effect is sometimes caused 
by metallic particles wearing ofi the revolving part forming a path so that 
the spark passes from the revolving part to more than one contact segment. 
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the vibrator. The contact points are subject to deterioration on account 
of the small spark always present between the points when the coil is in 
operation. In time, the points become corroded and burned, and therefore 
require to be resurfaced by smoothing with a fine file, A faulty connection 
to the condenser is at once shown by the Iqrge sparks at the vibrator points. 
Any repEurs to a coil, aside from the vibrator, diould be done by an expert, 
fts.the construction is very delicate. 

IJnlteTB.— In make and break ignition, a failure to get a spark, espedtLlly 
with a weak battery, is frequently due to the tappet spring. This spring 
niia^t be quite stiff so as to cause the break to take place with considerable 
rapidity: the more rapid the break the better it the qualitu of the 



^Si.2-TSS--r'','l'ne »Io' for cloning pUti.ium contacts ol Coim«ticut magnsto btenupWr. 
The oup hiding the mterruplm or primary circuit bnaker may be withdrawn fnnn its 
hoiuing. The dot serves as b guide for a smaJl flat file for cleanmg and squaring the con- 
tact pomW. By means Df an adjustable gauge furnished with the magneto, the correct 

Mngle rolter bearing against the cam pins, thus inauiing accurate liming at any speed and 
imaffected by eentnfugal force. The advance lever can be connected at either side ot 
Sm'w^*a° '^ ""d '■''*''™'"*' housing is reversible. The oams are renewable by a half 

spark. The contact points of the igniter electrodes are subject to corro- 
sion and wear. When they become pitted the contact surfaces should be 
filed smooth. 

■ ?P*''^ PluftB. — Repeated failure to start when the coil vibrator operates 
indicates a faulty spark plug. A rich gasoline mixture often leaves a carbon 
deposit, and being a partial conductor short circuits tiie plug. The por- 
celain insulation, on account of its brittleness, may crack mside the sleeve, 
allowing a spark to pass there instead of at the gap. Mica insulation some- 
times becomes saturated with oil, causing the layers to separate, permittinE 
a short circuit. 

Engine Misfire* and Finally Stops. — This may be due to exhaustion 
of the battery, and is indicated by a weak spark and very faint vibrator 

Engine Suddenly Stops.—This is generaUy caused by a broken wire or 
loose switch which does not stay closed. In the case of a single cylinder. 
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Pigs. 2,788 lo 2,788.— Double isnilion oonslj 
li™ of Epark;^2,788. position d armatij 
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Engine does aot Start. — Usually caused by; 1, primary switch not 
dosed; 2, batteij weak or exhausted; 3, entire or partial break in wire; 4, 
loose terminal; 5, moisture on spark plug; 6, foulm plug; 7, spark too far 
retarded or advanced; or, 8, too slow craudng with magneto ignition. 



id ford) Ihmngh an angle of about 00". 

Pre-lftnition. — Caused by: 
becoming heated to incandesce 
becoming red hot; or, 3, intermittent short circuit ii 

Eoftine Runs With Switch Open,— Usually caused by: 1, overheated 
engine or plug points; 2, primary short circuit; or, 3, defective switch; 4, 
an incandescent particle inside the cyhnder. 

En^ne Misfires. — This may be caused by: 1, weak battery: 2, partial 
break in conductor; 3, loose or disconnected terminal; 4, intermittent short 
circuit in the secondary; 5, faulty action of either timer or vibrator contacts; 
6, bent vibrator blade; 7, faulty spark plug; or, 8, air gap too large. 



— Too much advance of the spark 

Knocking in the Cylinder. — The form of unusual noise commonly 
lB<u.i-iKsH ni "knocking consists of a regular and continuous tapping in 
' ' ■ * o unlike any sound usual and nonnal to ofwration 
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that, once heard, it cannot be mistaken. Too much advance of the spark 
sometimes produces this result. As n^entioned by numerous authorities, 
the placing of the spark plug in the exact center of the combustion space 
occasions a peculiarly sharp knock, which may be stopped by advancing 
or retarding the spark from the one point of trouble. This explanation 
of the trouble is questioned by others, and is probably overrated. 

L088 of Power Without Misfires. — ^This may be due to badly adjusted 
coil contacts, poor spark, or incorrect timing. 

Explosions in the MufSer. — ^These are usually caused by misfiring,, 
partially charged storage battery, or by one cylinder not working. 

Timing.' — The expression '^timing the valves'* of a gas engine 
corresponds to '^setting" the valve of a steam engine. Evi- 
dently the valves must open and close at precisely the proper 
moment, otherwise the sequence of events of the working cycle 
would be disturbed and the engine would not operate satisfac- 
torily. 

The points of opening and closing of valves are designated in two wajrs: 
either m terms of degrees around the fly wheel, or as distance moved by 
the piston in the cylinder. As it is much easier, after the motor has been 
assembled, to determine the position of the piston from marks on the fly 
wheel, the former method for setting valves has been almost universally 
adopted. 

As soon as the engine is finished, two marks, diametrically opposite, are 
located on the rim of the fly wheel, such that when one is directly over the 
center of the main shaft, the piston will be at one^end of its stroke, or in 
other words, when either of these marks is on top, the piston will be on 
one of its "dead centers. ' ' 

In figs. 2,790 to 2,795, at 1, an engine is shown at the head center, and at 2, 
the same engine is shown at the crank center, the rotation being indicated 
by the arrow. At 3, the position of the crank at exhaust opening is shown, 
which varies from 35° to 40° from the bottom center of the power stroke 
in various engines. At 4, the exhaust closes about 5°-10° beyond the top 
center of the exhaust stroke. At 5, the iiilet opens about two degrees after 
the closing of the exhaust, and at 6, the inlet valve closes and compression 
commences. Now, if by turning the engine over, the exhaust valves 
be found to seat at or before the dead center, it is plain that it closes 6°-10° 
too early, and must have opened the same amount too early. Also, if the 
inlet valve should be foimd to open on or before the top center, it must 
also have closed too early, and thus prevented the engine taking a fuU 
charge. 
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Ques. Is the operation of the exhaust and failet valves 
dependent upon each other? 

Ans. If all of the valves be operated by the same cam shaft, 
the valves are bound to be "in step" with each other, providing 




PzG6. 2,790 to 2,795. — ^Valve timing diagrams, showing timing of valves for one cylinder engine. 



there is no excessive lost motion, but if one of the valves be 
early or late, it is evident that they are all out of time. 
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Qiies. What might happen if the exhaust and inlet 
valves be operated by separate cam shafts? 

Ans- Both sets of valves may be out of time with each 
other, and at the same time being out of time with the pistons, 
or one set may be in time with the pistons, while the other set 
is out of time. 



L 



Ques. Could an engine run under any of the above 
named conditions? 

Ans. The valves may ail be considerably out of time, and 
the engine will still run but at the expense of reduced power, 
increased fuel consumption, and excessive vibration. 
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Ques. How is improper timing detected? 

Ans. By unsteady action, especially at the higher speeds. 

Ques. If the valves be out of time, and there be no lost 
motion, what must be done? 




5CC0NQARy 
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MAGNETO 



ENGINE. CYUMDERS 



Pig. 2,797.— Wiring diagram for K-W type 
H and HT magneto, for firing order 
1, 2, 4, 3. To time magneto: Place 
No. 1 piston on upper dead center of 
compression stroke, and have rocker 
arm A, horixontal as shown. Shift 
magneto aroimd until distributer brush 
B, touches segment S, thus connecting with cylinder No. 1. 
Shift magneto slowly by hand, in the proper direction of 
rotation, until the contacts P, are just beginning to separate. 
At this point secure magneta 'shaft to gear or coupling with set screws. When one cylinder 
is timed, proceed to connect the others as follows: Ascertain the firing order of the engine, 
then crank engine slowly and connect plug cable from next cylinder that fires to distributer 
segment No. 2 and so on until all tne plug cables are connected. The secondary con- 
nections on the hard rubber diatributer block are numbered in consecutive order, 1, 2, 3, 4, 
etc. These ntunbers do not refer to the engine cylinders, and it is necessary to determine 
the order in which the cylinders fire and connect secondary cables accordingly. Replace 
parts on the magneto and start the engine to test the setting. See that all nuts and con- 
nections are tight, also that retainer spring has been replaced. There should be a tendency 
for the engine to kick back slightly when starting, and if it do not, advance magneto tmtil 
it does kick slightly. To advance, shift coupling against direction of rotation. To retard, 
shift coupling with direction of rotation. Miift slightly each time until correct i>osition 
is obtained. Pin magneto shaft to gear or coupling with taper pin, do not depend on a set 
screw, as it will surely work loose in time. 



Ans. One of the pistons, say, 1, in fig. 2,797 is put on top 
center, a space amounting to about 5^ to 10° is then marked off 
on the fly wheel rim, and the engine turned ahead until this 
mark comes even with the center pointer; the gears of the 
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exhaust cam shaft are then shifted so that the exhaust cams just 
allow the valves to remain clear of their seats. The engine is 
then turned ahead about 2**, and the inlet valve shaft shifted 
tmtil the inlet valve commences to raise. 

Ques. When shifting the cam shaft to make the valves 
earlier or later, should it be turned respectively, with, or 
against the direction of rotation of the crank shaft? 




CRANK SHAFT CRANK SHAFT 

Figs. 2,798 aad 2,799. — Diagram showing rotation of cam shafts with a direct gear device. 





CRANK SHAFT 



CRANK SHAFT 



Figs. 2,800 and 2,801. — ^Diagram showing rotation of cam shafts when an intermediate idler is 
used. 

Ans. That depends upon the gearing. If the cam shaft 
gears naesh directly into the crank shaft pinion, the cam shafts 
revolve in an opposite direction than the crank shaft, and to 
make the valves earlier, the cams must be turned in the direction 
followed by the cam shafts, which is opposite that of the engine. 
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Most engines have an idler gear between the crank shaft and the 
cam shaft gears; in such case the cam shafts revolve in the 
same direction as the crank shaft, and the cams shift icith or 
opposite the engine to make them respectively early or late. 
This is illustrated in figs. 2,798 to 2,801. 



: cam device with roller mounted on csm. Thia deagn is frequently used 
te thrust upon the push rnd, 
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Ques. If all valves be driven from one cam shaft, is it 
possible that one or more of them may be timed correctly, 
while the others are out of time? 

Ans. On some engines the cams are made independent from 
the cam shaft, and are keyed to the latter, hence, it is possible 
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that, in overhauling the engine, some of the cams may have been 
replaced wrongly. 

Ques. Is this possible if the cams be forged ivith the 
shaft? 

Ans. Although the cams cannot be shifted out of time with 
each other, it is possible that the surface of some may be worn 
more than others, or on such engines where the cams act upon 
rollers carried by the end of the push rod, as in figs. 2,802 to 2,804» 





Figs. 2,808 and 2.809. — ^V'alve pusk rod with roller shown in lifting and seating position, showing 
the serious defects of a worn push rod bushing. The dotted cams and rollers indicate the 
position these parts would have with the same amount of lift if there were no lost motion. 

or by a carrier as in fig. 2,805, the roller and pin may be worn to 
such an extent as to make proper timing impossible, without 
removal of the worn parts. 

Ques. Gould this lost motion be taken care of when 
adjusting the lost motion between valve stems and push 
rods? 
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Ans. No, between valve stem and push rod only the lost 
motion in the direction of the valve travelcan be adjusted. 
The lost motion in the rollers, the carrier suspension, or the 
push rod bushings, acts in a direction. at right angles to the 
valve travel, and affects the timing in the manner shown in 
fijgs- 2,806 to 2,808. 

.Que8. Will wear of the gear teeth affect the timing? 

Ans. Very little, even if the teeth be worn considerably, the 
' difference between the diameter of the gears and that of the 
cams is so great that the gears would be worn but before the 
V ^^ ti|*iing would be materially affected. 

> 'C Oiies. What would be the main objection to lost 






■• t 






linotion in the gear teeth? , 

Ans. The noise. When tile cams raise the valves against 
the spring action, the tension upon the teeth is upon their 
driving faces,, lyhile when the valves seat again by the spring 
action, the tension upon the teeth is on the reverse side, causing 
the gear teeth to clatter fore and back several times during each 
revolution. 

Cooling Systems.— As the cylinder of a gas engine is an 
explosion chamber, that is, a furnace wherein the fuel is burned, 
and the explosions are very frequent, it is necessary to adopt 
some means to cool the cylinder walls. If the cylinder were not 
cooled in some way, it would get red hot, lubrication under such 
conditions would be impossible, and the casting would be 
destroyed in a short time. 

In addition, the temper would be taken out of the valve 
springs, the spark plugs would possibly crack, and the incoming 
charge become so rarefied as to seriously impair the power of 
the engine. 
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Although a cooling system is a necessity, for the reasons 
stated above, it always causes a loss by absorbing a part of the 
heat units generated by the combustion of the fuel, thus reducing 
the efficiency of the engine. 

The two methods used to cool the cylinder are 

1. A jacket of circulating water; 

2. Induced air currents. 

In the first method a thin space around the cylinder is provided for the 
water by an outer casing of metal, either cast with the cylinder, or attached 
as in the case of a sheet copper casing. 



c 







Pig. 2,810. — Diagram of a gravity water circulation system for a gas engine cylinder. As iridi,- 
cated by the arrows, the water from the tank enters the jacket of the cylinder atjthe lowest 
point, and being there subjected to the heat of the cylinder walls, rises to the level of the 
tank water; thus maintatmng a continuous circulation. i - - 

The cooling or circulating water ^ after passing through the jacket^^nd 
absorbing heat from the cylinder, passes off to 1, a tank, 2, radiator (in the 
case of an automobile), or 3, to waste. In the first two cases the water is 
used over and over again. 

Since the heat causes the water to evaporate, and in some cases, to bofl, 
it must be replenished from time to time where a tank or radiator is used. 



In tank or radiator systems the water is kept in circulation by 

1. Gravity, or 

2. Mechanical means. 
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Pig. 2,810 shows the gravity method. The water, expanding with rise of 
temperature becomes lighter and the heated layers rise while the cool layers 
descend, thus a continuous circulation is produced. In the mechanical 
method the water is kept in circulation by some form of pump operated 
by the ei^ne. 




— Two types of cirtuUtin 



G. 2,S13. — An eiample of > radiator Bnd w»ti 
the riaiator when the car is Btanding. 






Ques. What Is the constnictlcm of a "honeycomb" 
radiator ? 

Ans. This type consists of ntunerous short lengths of small 
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tubing of sqiiare cross section, placed side by side and held to- 
gether by solder at the ends, the stnictiire presenting the appear- 
ance o£ a "honeycomb." 

Ques. Explain the operation of a honeycomb radiator? 




Pics. 2,814 to 2,810.— Types of radiator construction; fig. 2.8H, Hsrrison tubular; firf. 2.S1S, 
Fedders staggered air tube; fig. 2,816, Feddera square air tube; fig. 2,817, A-Z vertical type; 
nff. 2,818, fiuscofl vertical type; fig. 2,S19. Livingston zig-zag tube. In the coriBtruction 

ing heat, the weight then can be kept lov. It also hbA mechanical advantages such as ease 
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Ans. The heated water from the engine enters at the top 
and circulates to the bottom, flowing through the small spaces 
between the tubes. A strong current of air induced by a fan, 
and also by the motion of the car, passes through the tubes and 
absorbs heat from the water. 

Air CfM^iDg Sy8tetn.-^In this method the cylinders are tooled 

by a strong current of air, induced in the case of an automobile 
by the movement of the car, and aided by a rapidly revolving 
fan. Since air is not as efficient as water for absorbing heat 
from the cylinder, the radiating surface of the latter is con- 
siderably increased by numerous ribs or rings. 



i^ <rf water ta adequate^ cool ttas cyliaiiBr. 

Ques. Why Is the water cooling system more efficient 
than the air cooling system? 

Ans. Because a larger and better arranged radiating surface 
can be provided in a radiator than on a cylinder; in either case 
the excess heat is carried off by the air. The water simply 
serves as a medium to conduct the heat from the engine to the 
radiator. 
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Lubrication Systemsv — There are several methods of gas 
engine lubrication in general use, and they are known as gravity, 
splash, pressure, and positive systems. 

In the gravity system, the lubricator is placed at a suffi- 
ciently high elevation to permit the oil to flow to the bearings; 
2, in the splash system, a quantity of oil is placed in the crank 
case, and maintained at such a level that the ends of the con- 
necting rods come in contact with the oil at the lower part of 



Figs. 2,822 and 2,!i23.— The Csmeioo ftir cooled engine. TtieCanBhownat the left inducess 
current of air which passing over the largo surface presented by numerous nba, cools the 
cyliodcn. The valvea are located above the cylinder bore in opposite chambers and work 
homontally. Bach valve is operated by a long vertical lever A. pivoted at R, The upper 

bears 'the camshaft cam D. The upper end of the lever or valve rocker arm is split and takes 
a threaded piece E, which rests upon the end of the valve stem. By the adjustment of this 
the timins of the valve is accomplished. The lower end, with its roller is contained within 
a small eitjaisioa on a detachable plate secured to the side of the ciatik caso and the end of 
the valve rocker arm working in a slot P. in the lop of the expansion. 

their revolution and splash it upon the working parts; 3, in the 
pressure system, the oil is contained in a reservoir and forced 
to the various bearings under pressure acquired by connecting 
the reservoir to the exhaust by a small pipe, or by utilizing the 
pressure from an enclosed crank case; in the positive system, a 
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pump geared to the engine forces a certain amount of oil through 
the feed at each stroke of the plunger. 

Ques. How Is a ^s enginip cylinder lubricated? 

Ans, In some engines the splash system is used, while in 
others the oil is fed from a lubricator, 

Ques. Wbat detamines the choice of a lubricant? 

Ans. The principal things to be considered are: 1, rubbing 
pressure; 2, rubbing velocity, and 3, temperature. 



Ques. How should oil be selected for cylinder lubrica- 
tion? 

Ans. It is desirable to select an oil that will deposit as little 
carbon as possible. 

Ques. Are animal oils suitable for engine lubrication? 

Ans. Animal oils, such as sperm, whale, fish, lard and neat's 
foot oils are sometimes used on outside bearings of heavier 
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machines, but for high speed machinery especially gas engines, 
with the accompanjHing high temperature, they should not be 
used, 

Ques. What kind of oil is generally used for engine 
lubrication? 

Ans. Mineral oil. of considerable body yet of high fluidity 
and cold point. 



I~^ 




Fig. 2.825. — Gfay engine lubrication system. The oil is poured into the reservoir in the bottom 
of the engine through the cap opening H, in the top of the crank case. The pump 
PP. forces oil to all working surfaces after drawing it through the strainer A, at bottom 
of base. A \bx^ pocket J, is located directly over each crank waft bearing (these pockets can 
be seen by lookmg at the outside of the engine) and catches oil from the feed pipe and keeps 
the main bearings bathed in oil at all times. 

Ques. What qualifications must a cylinder oil possess? 

Ans. It should have a "flash** point of not less than 360® 
Fahr., and a fire test of at least 420®, together with a specific 
gravity of 25.8, and a viscosity of 175. 

Ques. Why must the oil have a high flash point ? 

Ans. As the piston rises in the cylinder, the oil is deposited 
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on the walls, when the piston moves outward the oil is exposed 
to the heat of the burning gases. The length of time during 
which it will continue to lubricate under this condition will 
determine the value of the oil, 

Ques. Is It customary to use any other than mineral 
oU on the bearinfts when a common lubricator Is used? 

Ans, Only one grade of oil is used, and this is selected to. 
suit the cylinders. Oils that are suitable for gas engine cylinders 
are suitable for the other bearings. 



beanngi. At C, oil iiiSiown 3«imng from^ears aiid crank beSings to Osa forwari com- 
partment, oiHng crank pin beariiuf D, and splashing by throw of connpctiitg rod to cylinder 
walla and wriat pin. TTio centrfugal motion of ftie horiionU! geara throws the od that 
drips ttt the Ibt^ cam sear into the cam beanng. The opposite forward cam ihaft bearing 
liuareceu to catch the oil, supolyicg thebe^ric^p. Panitk>n plate) and oil paasagea main- 
tain a utuiorm level of the oil, tht circulation is continuum. 

Engine Management. — This includes, not only the necessary 

conditions of operation and control, but also the numerous 
mishaps that may be encountered, as those arising: 

1. From faulty construction, which, however will be s^doxn 
experienced with well made engines. 
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, 2. Prom careless or ignorant handling, such as: 

a. Insufficient lubrication; 

b. Faulty adjustments; 

c. Exhaustion of the fuel, ignition current, or jacket water; 

d. Racing; 

e. Over heating. 

3. From any one of a number of disorders in the ignition 
apparatus. 

4. From poor gasoline, or faulty adjustment of the carburetter. 

5. From worn or broken parts. 

By far the greater proportion of gas engine troubles result 
from some derangement of the ignition system. 

Second in importance come troubles with the fuel mixture. 

Again, either or both electrical apparatus and carburetter 
may require attention. 

Before Starting the Engine. — There are three supplies 
necessary for the operation of a gas engine: 

1. Fuel; 

2. Lubricating oil; 

3. Circulating or cooling water.* 

In filling the gasoline tank, the liquid should always be strained 
to guard against the carbtiretter passages becoming clogged by 
any foreign matter that may be contained in the fuel. A chamois 
skin or wire netting with very fine mesh should be used as a filter. 

After filling the tank, the filler cap should be replaced and care 
taken that the small hole in the center of the cap is open so that 
air may be admitted as the fuel is used, to prevent the pressure 
within the tank becoming less than that of the atmosphere. 

The valve on the fuel supply pipe should now be opened and 



* NOTE — ^Except in case of air cooled engines. 
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after sufBcieiit time has elapsed for the float chamber of the car- 
buretter to fill. 

Next, the circulating water tank shoiild be filled with clean 
water. Care should be taken with the water, to see that it is 
free from any foreign matter so as to guard against the passages 
of the cooling system becoming obstructed. 



Pic. Z.S28.— Sectional view of Gilson four cycle gasoline engine cylinder. Th« parlm mras 

1, adjusting nut: 2. look washers; 3, jam nuts; 4, piston; 5, cylinder; 6, piston rings; 7, 
piitOD beinng oil tube; S. piston bearing; 9, connectmg rod; 10. cylinder packing lins; 11. 
water jackets; 12, water inlet and outlet; 13, inUke valve; 14, cylinder head; 15, intake 

e'pe; 16, gasoline needle valve; 17. gasoline feed pipe; IS, gasoline reservoir; 19. gasoline 
'el; 20. overilow pipe; 21, ctiei^k valves; 23. gasoline pump; 23. gasoline suctioD pipe; 
34, pump pacldng; 25, packing gland; 26. pump plunger; 27. packing gland regulating nut. 

The quality of lubricating oil required for gas engine cylinders is quite 
different from that used for steam engines. Owing to the high cylinder 
temperatures a gas engine must have an oil possessing a high fire test. As 
the average cylinder temperatures may be said to be from 300 to 400 
degrees Fahrenheit, an oil should be used having a. fire test higher than the 
latter figure; the fkshing point should not be less than 400 degrees. Air 
cooled engines, being hotter under working conditions than water cooled, 
require a lubricant capable of withstanding higher t«mpwatures than that 
required by the latter. 
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In addition to the attention required in suppljdng gasoline, 
water and oil as just described, it is necessary before starting the 
engine to make sure: 

1. That all parts of the lubricating system are in working 
order, all connections opened, and the supply of oil sufficient; 

2. That the ignition circuit is closed, which involves examina- 
tion of all switches, to insure certainty that they are on the 
"closed* ' point; 

3. That the carburetter control levers be placed in position for 




Pig. 2.829. — Method of grinding valves in horizontal cylinders. A block of steel B. is held 
asainst the head of the valve V, and the latter rotated on its seat b>r means of a screw driver 
made S inserted in the slot in the stem, the face having been previouslv trued by a truing 
tool. In cases where the stem of the valve^has no slot, a pair of gas pliers can be used to 
grip it, being careful in so doing not to mutilate the threads thereon. The valve may be 
turned by a piece of steel wire inserted in the pin hole. 

ensuring the richest mixture imder operating conditions, in order 
that, even with the low suction at starting, sufficient power may 
be obtained for a good headway. A rich mixture may occa- 
sionally fail to ignite at starting, but a weak mixture is more 
often at fault. 

4. That the spark is fully retarded. To neglect this may cause 
%ack kick'' at cranking, and possibly result in serious injury to 
the operator. 
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Spark and Throttle Adjustments before Starting. — On 

accotuit of the slow speed at which the engine is ttimed over in 
crankingy it is necessary that the throttle have a considerable 
degree of opening, and that the spark be fully retarded because of: 

1. The weak suction of the piston at slow speed; 

2. The need of ensuring a mixture that will ignite under such 
conditions; 

3. The danger of bodily injury from a **back kick'* of the 
engine, which is liable to occur with an early spark at slow speeds. 




Right way 11 Wrong way 




Figs. 2,830 and 2,831. — Illustrating right and wrong methods of cranking an engine. As 
ordinarily practiced, the hand is so placed that the thumb and fingrers encircle it. Such a 
method is decidedly unsafe should the operator press down on the crank and a back fire occur. 
The correct method is to place the thumb on the same side of the handle that the fingers 
are placed, so that the handle is not entirely encircled, allowing the handle to slip out of 
the ^asi> when it is being pressed down, and permitting the fingers to release the handle 
if it IS being pulled up, at the time of the back fire. In cranking, the operator ^ould begin 
hy Dulling up, not by pushing down, as is almost universally done; domg it the latter way 
indicates either ignorance or disregard for personal safety. 

Starting the Engine. — If the engine can be turned over by 
hand, as is mostly the case with all engines below twenty-five 
horse power, and a great many up to fifty horse power, turn 
the fly wheel backward until it cushions, then forward two or 
three quick turns, all the way around, and the engine will start. 

If the engine is to be started by compressed air, open the air 
cocks, at the tanks, so as to fill the pipe leading to the engine with 
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compressed air. When gas is used for fuel, open the gas valve, 
and immediately thereafter, the compressed air cock at that 
cylinder which is temporarily used to run the engine with com- 
pressed air. As soon as good explosions occur in the other 
cylinders, shut off the air cock, throw in the inlet cam clutch of 
the starting cylinder, so that it will admit gas for its own ex- 
plosions. Care should be taken to shut off the air cock before 





Figs. 2,832 and 2,833. — Method of tising a screw driver for valve grinding. A handful of waste 
or a cloth is put in the valve port to protect the cylinder, and the valve face coated with a 
paste of the emery powder and oil and put in place. The handle of the screw driver is now 
neld between the palms of the hands as in the sketch, and a series of oscillations throufifh a 
small arc given to the valve by moving the palms in opposite direction. After about thirty 
of these oscillations have been ^ven, the vsdve is lifted from its seat, given a half turn, and 
reseated for further ^nding in the same manner. This operation should be continued 
with occasional additions of oil and emery, until the valve face and the seat appear to be 
bright for their full width arotmd the circle. Fig. 2,833 shows a good form of handle for 
use in grinding. 

Pig. 2,834. — Method of grinding a valve with a drill stock. A screw driver bit is inserted in 
the chuck and the operation conducted as in the case where a screw driver is used. The 
cnmk should be rocked through a small arc instead of being rotated. The spring A, is fitted 
within the valve chamber to unseat the valve when it is desired to examine it . 
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the inlet cam clutch of the starting cylinder is thrown in, other- 
wise this cylinder may compress a charge of air to such a high 
pressure that it will reverse the piston with disastrous conse- 
quences. If the ignition current be obtained from a dynamo 
or magneto, turn the current on 
from the dynamo, and cut out the 
battery from the spark coil circuit . 
Pump up and lock the air tanks 
at the pressure required to start 
the engine. The pressiu-e varies 
according to the type and horse 
power of the engine, and ranges 
from 100 to 250 lbs. 

Spark and Throttle Adjust- 
ments after Starting. — When 
the engine has speeded up, the 
adjustments must be changed : 

1, The spark must be advanced. 

2, The throttle opening reduced. 
On account of the spark and 
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throttle adjustments necessary before starting, the engine when 
started will begin to race unless it be fitted with a governor, hence 
the operator should immediately reduce the throttle opening and 
advance the spark. If there be a mechanical governor on the 
engiie, the throttle will shut down automatically, as the engine 
speeds up. 
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Failure to Start.— Refusal of the engine to take up the cycle, 
even after prolonged cranking, is a familiar experience. 

DuauaX 
1 upon 



defect 



i to 

start- 
igine, 
36 re- 

tbat 
turns 

wheel 

re to- 

^ur^^^^:'^^^Mti4^t^^th^^^'^^^ ""^rd starting an 

renewable lever is used for the workinij barrel. The liner is he!d in . . , , 

the cvhnder by a. patented loddnj device in the center and also by a minutes Oj SlOW 
Rhrink fit throughout its entircTenKth. Hand holes pre provided ,. 

leading to the water jacket space to pennit inspection and cleaning gnndtng. 

If an engine show good compression and will not start after four or five 
turns, it is useless to continue. Assuming that all the preliminaries to 
starting have been carefully observed, the probable causes of troiible 
should be sought in the ignition system of carburetter. 

Defective Spark Plugs. — The engine will not start when: 
1. The plug points are too far apart ! 
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2. The plug is short circuited. 

3. The insulating layer of porcelain or mica is broken down. 

4. There is much fouling between the plug points. 

Fouling may consist of oil or soot. Both give trouble at start- 
ing. Fouling with soot may generally be removed with gasoline. 

Preventives of fouling are: 

1. An annular space between the core insulation and the outer 
shell producing a vortex, as is alleged, 

and allowing piston suction to remove 
deposits. 

2. An auxiliary spark gap, which 
will generally suffice to insure a 
spark, but it does not prevent 
fouling between the spark points. 
A temporary gap may be made 
by disconnecting the lead wire 
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mum efficiency regardless of whether the spa.rk be retarded or advanced. In onler to 
oblAin proper resuTta, the trip lever should be deflected through an anele of 30 degree) 
before it is released, and. since the aparlt is produced by sprmg action raUier than directly 
tbrough the speed of the engine and therefore is independent of the latter, no battery is 
necessary for atsrtinff, and in ordinary cases one turn of the fly vhael wiU be Buf&cwnt. 
provided, of course. CtiaC a proper gas mixture be present. 
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of the plug and holding its end at a sufficient distance to allow 
a visible spark to leap from it to the plug core. 

If this prove ineffective, the plug should be unscrewed and ex- 
amined. Any visible fouling may then be removed by rubbing 
the insulation with fine sand paper until the bright surface of the 
porcelain is visible, taking care not to impair the surface. 

If no fouling appear the plug may be laid upon the cylinder or 
frame so that its case only is in contact, and thus grounded, and 
on' cranking the engine, the spark may be seen leaping between 
t^e points. 

If a spark do not appear, it is probable that, with the igni- 
tion circuit in working order, there is some breakage or short 
circuit in the body of the plug. This, of course, necessitates its 
re^ioval and the substitution of a new one. If a good spark ap- 
pear, the search for trouble must be continued to other parts. 

In a mtdti-cylinder engine a defective plug may sometimes be 
located by touch, that is, if its cylinder has been missing for some 
time, the metal of the plug will be perceptibly cooler than that of 
the other plugs. 

Difificultjr in Starting. — Sometimes an engine will start 
badly, but will run well after attaining a high speed. -Among the 
various causes which contribute toward bringing about this con- 
dition may be mentioned : 

1. An obstruction in the jet of the carburetter, causing trouble 
in starting, when removed by the suction allows the engine to 
speed up and run well at high speed; 

2. A too weak suction in starting; this may be remedied by 
partially closing the air inlet while cranking, or giving the 
throttle more opening; 

. 3. Insufficient tension of the auxiliary air valve spring. 

4. The spark not sufficiently retarded. 
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Running Down. — ^When thp engine starts -well, runs for a 
while, then slows down and stops, there are several conditions 
to which it may ordinarily be attributed. Among these are: 

1. Water or sediment in the carbtiretter; 

2. Loose connections, breakdowns, or any other disarrange- 
ment of the ignition; 

3. A weak or imperfectly recuperated battery, frequently the 
latter, that suddenly fails to supply current. 

4. A leak in the water jacket that admits water to the com- 
bustion space; 

6. Seizing or gripping of the piston in the cylinder on accotmt 
of failure of the cooling system. This may result, in a water 
cooled cylinder, from: 

a. Exhaustion of the water; 

b. Stoppage in the pipes or pump; 

c. Bre^down of the pump; 

d. Failure of the oil supply. 

In an air cooled cylinder seizing may result from: 

a. Insufficient radiation surface; 

b. Obstructed air circulation. 

A precisely similar method may be followed in the search for 
a missing cylinder of a three or six cylinder engine. 

A missing cylinder may also be found by the low temperature 
of its spark plug exhaust pipe, if the missing be long continued. 

Misfiring During Operation. — Occasionally, the missing of 
one or more of the cylinders will be noticed during the operation 
of the engine. This trouble may be recognized by irregularity 
of motion, gradual slowing down, and, generally, by after firingy 
or explosions in the muffler. If the trouble cannot be located 
in one of the cylinders the inference holds: either that there is 
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some general derangement of the ignition circuit, or that the 
fuel mixture is not right. 

# 

Running with Switch Oft. — ^A peculiar condition in engine 
operation, sometimes encoimtered, is the running of the engine 
after the switch has been opened. It occasionally happens that 
the switch becomes defective, so that it does not break the circuit 
when in its **ofi" position. A most common cause for running 
with open switch is red hot plug points, also the heating to incan- 
descence of some small particle in the cylinder, either loose or 
attached to the interior surfaces. 

Pre-ignition. — ^An incandescent particle or overheated cylin- 
der will cause an engine to pre-ignite. 

Sometimes the rotor arm of the tinier wears at the contact point 
leaving a path of metallic particles on the ring containing the 
stationary contacts, thus causing the current to flow to the 
stationary contact via this path and cause ignition to occur before 
the proper time. 

Loss of Power Without Misfiring. — The chief cause for an 
engine to fail to deliver its full power is poor compression. A 
fuel mixture either too weak or too strong will reduce the power 
of the engine. 

If the bearings be too tight there will be a loss of power due to the 
additional friction set up; bearings when too tight will heat. A touch of 
the hand will give indication of their condition. 

Another source of loss of power is a defective clutch which slips and does 
not transmit all the power delivered by the engine. 

Brake rods sometimes get out of adjustment, allowing the band to remain 
in contact with the drum, thus absorbing more or less power. 
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CHAPTER 47 
OIL ENGINES 



The constantly increasing cost of gasolinef, has caused an 
insistent demand for engines that can operate on cheaper fuels, 
such as kerosene, heavy oils, etc. This demand has in turn 
caused manufacturers to give serious attention to the subject and 
many of the difficulties encountered have been overcome. 

« 

Oil. — In its broad meaning, oil is any greasy liquid and may 
be of animal, vegetable or mineral origin. 

Mineral oil is any oil coming from the interior of the earth. 

Crude oil, technically called petroletun, is the mother product 
or raw material just as it comes from the ground, from which 
the oil refinery produces all of its many products. 

Oil refining is the process of separating the various grades of 
mineral oil contained in crude oil from the impurities therein 



*NOTE. — ^Everybody is wondeiinff why gasoline is so high and increasing in price, and at 
the same time the answer is apparent to everyone. The countiiess number of automobiles 
that are decorating the highways and bjrways of this land and that seem to swarm like flies all 
over the northern and southern hemispheres, is constantly increasing every year. In 1911 
there were about 600,000 automobiles m use in the United States: in 1912 about 800.000; in 
1913 about 1.000.000, and in 1914 more than 1.200.000. In addition to automobiles, the 
number of motor boats, motor cycles and other gasoline burning engines is constantly increas- 
ing. Out of a gallon of petroleum that is pumped from the earth, only from 4 to 10 % is avail- 
ame for gasoline, whereas the same gallon of petroleum will give from 44 to 50% ot kerosene, 
the balance being made up of benzine, naphtha, distillate, also heavier Q)^. Consequently, 
practically half of the product of distillation is kerosene, while but 10% or less is gasoline. 
In other words, it is necessary to produce from four to ten gallons of kerosene to produce one 
of gasoline. There is not the market for kerosene that prevsuled in other days, as householders 
do not use it as an illuminant in anything like the de«ree in years gone by. and outside of its 
use as an engine fuel the demand for kerosene is much less than ever before. This condition* 
together with the large amount of kerosene that is produced, accounts for its low price. 
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The Make up of Petroleum 

eoiLiNe 

PQII^j PRODUCTS 

tFAHR.1 

Kff"- ISe" SASOLINE I.SjC 

l5e'-£48' NAPHTHA C tO?i 



338"-*- nEROSENE 50^ 



48^+ LUBRICATING 

^ ^ OIL 15^ 



RESIDUUM la^ 

' Pfo. 2,8m.— Th* various products obtained by the diatiUation of petroleum. In the procMS 
of distillaticui these products *[e wpusted sccoidinc to their bcdlbtg points ■■ indiotad. 

L 
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and classifying them according to the boiling point of each grade. 
In practice the crude stock is placed into a large vessel called a 
"still" and heated until all the oil, or as much of it as the 
refiner wants, distills out in the form of hot vapor or gas, which 
is afterwards condensed into a liquid state by cooling the vapor 
as it passes through coils surrounded by cold water. Since each 
conunercial oil product has a different boiling or vaporizing tem- 
perature from any other, it is thus easy to break up crude and 
obtain in a clear refined state any of its constituents by taking 
out the lightest products first and then heating the residue to 
the boiling temperature of the next one desired. 

Distillate in a broad sense is any product obtained by oil 
distillation. Strictly speaking the word distillate does not mean 
anything except that it is a clear product from an oil distillery. 
Those products lighter than kerosene are usually referred to, 
however, as distillates; those as heavy as kerosene and heavier 
are usually referred to as oils, although they are distillates as 
much as is gasoline. Distillate oil is the proper name. 

Some clear refined distillates, arranged in the order of their 
boiling points, are : 



Benzine. — A product Hghter and more carefully refined than gasoline. 

Gasoline. — ^A refinery product composed of a mixture of the various 
distillates in such proportions as to keep the density between 66® and 72® 
Baum^. 

Petrol. — ^A foreign trade name for gasoline. 

Benzol. — ^A light liquid product resembling gasoline which is obtained 
by fractional distillation of coal. In other words, a "by product" from gas 
works and bee hive coke ovens. 

Motor Spirits. — ^A commercial name for a low grade gasoline recently 
put on the American market. 

Naplitha. — ^Another trade name for cheap gasoline. 

Distillate. — ^An engine fuel before given a commercial name. 

Engine Distillate. — ^Trade name for kerosene too carelessly graded to 
be safe in lamps. (Gravity around. 40® Baume.) 
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Solar Oil. — Discolored, carelessly prepared kerosene. 

Kerosene or Goal Oil. — A distillate' heavier than gasoline and lighter 
than gas oil, bleached white and having a flash test high enough to pass the 
state oil inspector. 

Gas Oil. — ^A distillate oil slightly heavier than kerosene and usually has 
an amber cast. One of the heaviest refined engine distillates. 

Distillates heavier than gas oil are marketed for lubricating oil under 
various trade names. Those requiring the most heat to gasify and conse- 
quently coming off last are sold to lubricate hot surfaces such as engine 
cylinders and are known as high fire test lubricating oils. 

Since the demand for lubricating oil is limited, only a small portion of the 
crude stock is worked down below the distilling points of the common engine 
distillates for which the refiner can get a ready market. In other words, he 
takes out of the crude those products his orders call for and dumps the 
residue into the fuel tank and sells it for fuel in the place of coal. 

Some Cheap Unrefined Residual Oils. — Since these oils 
are scraps from the refinery and crude oils from the different 
fields vary in impurities and properties and different batches 
of crude receive different treatment to supply the refiners* de- 
mands, no two lots of fuel oil are usually similar in composition 
or density. 

Fuel Oil. — ^Any unrefined oil that wiU do to bum in the place of coal. 

Residium.— -Another name for fuel oil. 

Tops. — ^Another name for residium. 

Stove Oil. — A trade name used in the West for fuel oiL 

Star Oil.: — A California trade name for fuel oil. 

Tar Oil. — ^An oil obtained from crude coal tar in the coke and gas manu- 
facturing industry. 

Holder Oil. — Oil that condenses in the gas holder tanks. A by-product 
from city gas plants. 

Gravity of Oils. — ^The standard instrtunent for the measure- 
ment of the density of oil is the Baume hydrometer. The 
gravity of oils should be taken ^t a temperature of 60° Pahr. 
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A rough rule for determining the gravity at any other tempera- 
ture is: For every 10° Fahr. above 60°, subtract one degree from the 
Baume reading, and for every 10° below 60°, add one degree. 

Exajnple. — If the hydrometer indicate a cavity of 27.5° B. and the 
temperature of the oil tor this reading be 75° Fahr., the temperature then 
is 15° above 60°, and the correct gravity is 

27.6° - ^ - 26° B. 



Pig, 2,841.— Sectioi 



Formula for reduang BaumS readir^ (liquids lighter thaa i 
specific gravity: 

specific gravity = 



130 + d^rees Baumd 
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Thus: 



or 



gravity Baum^ =26 at 60° F. 



specific gravity = 



140 



130 + 26 



= .897 



Approximate Weights of Petroleum Oil 



Degrees 


Degrees 


Pounds 


Degrees 


Degrees 


Pounds 


Baumd 


sp. grav. 


in 1 gallon 


Baumft 


8p. grav. 


in 1 gallon 


10 


1.0. 


8.33 


43 


.8092 


6.74 


11 


.9929 


8.27 


44 


.8045 


6.70 


12 


.9859 


8.21 


45 


.8 


6.66 


13 


.9790 


8.16 


46 


.7954 


6.63 


14 


.9722 


8.1 


47 


.7909 


6.59 


16 


.9655 


8.04 


48 


.7865 


6.55 


16 


.9589 


7.99 


49 


.7821 


6.52 


17 


.9523 


7.93 


50 


.7777 


6.48 


18 


.9459 


7.88 


51 


.7734 


6.44 


19 


.9395 


7.83 


52 


.7692 


6.41 


20 


.9333 


7.78 


53 


,7650 


6.37 


21 


.9271 


7.72 


54 


.7608 


6.34 


22 


.9210 


7.67 


55 


.7567 


6.30 


23 


.9150 


7.62 


56 


.7526 


6.27 


24 


.9090 


7.57 


57 


.7486 


6.24 


25 


.9032 


7.53 


58 


.7446 


6.20 


26 


.8974 


7.48 


59 


.7407 


6.17 


27 


.8917 


7.43 


60 


.7368 


6.14 


28 


.8860 


7.38 


61 


.7329 


6.11 


29 


.8805 


7.34 


62 


.7290 


6.07 


30 


.8750 


7.29 


63 


.7253 


6.04 


31 


.8695 


7.24 


64 


.7316 


6.01 


32 


.8641 


7.20 


65 


.7179 


5.98 


33 


.8588 


7.15 


66 


.7142 


5.95 


34 


.8536 


7.11 


67 


.7106 


5.92 


35 


.8484 


7.07 


68 


.7070 


5.89 


36 


.8433 


7.03 


69 


.7035. 


5.86 


37 


.8383 


6.98 


70 


.7000 


5.83 


38 


.8333 


6.94 


75 


.6829 


5.69 


39 


.8384 


6.90 


80 


.6666 


5.55 


40 


.8235 


6.86 


85 


.6511 


5.42 


41 


.8187 


6.82 


90 


.6363 


5.30 


42 


.8139 


6.78 


95 


.6222 


5.18 
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Heat Value of Pure OiU of Different Graoitte* 



Deerea 


Specific 


^^. 


B.t.u. 


B.t.u. 


(Baumi.) 


gravity 


p« pound 


per gallon 


10 


1.0000 


8.33 


1S280 


152,272 


12 


.9869 


8.21 


18400 


150,252 


14 


.9722 


8.10 


18520 


148,033 


16 


.9589 


7.99 


18640 


145,987 


18 


.9459 


7.88 


18780 


143,927 


20 


.9333 


7.77 


18S80 


141,853 


22 


.9211 




19000 


139,956 


24 


.9091 


7.57 


19120 


138,017 


25 


.9032 


7.52 


19180 


137,088 



Pic. 2. S42.— Monarch by pai 
tally , through cold air or lo 
may be regulated by ujusi 



leofbj 



knsle of by pasa valve. 



I directs chs.iRe when placed 

m Bet vertically through annu 

gasifying it for kerosene. Chuge 



Classification of OU Engines. — Numerous types of oil 
ei^ines have been developed in order to utilize the various 
grades of fuel oil, each type possessing certain features adapting 
it to the use of a certain grade or grades of oil. 

In general the simplicity and cost of the engine varies inversely 



OIL ENGINES 



tl 



I 
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a. Light oil {^ISS:; 

(cnuleoil, 

0, Heavy oil^lusioii; 



2. With respect to method of fuel supply, as: 



a. Carburetter; 

h. Pump; 

c. Pump and compressed air. 



if K. & V. Tiiiunpti kecoseoa ei 



3, With respect to ignition, as by 

«. Electric spark; 

b. Heated metal (vaporizer); 

c. Heat of compression, 

4. With respect to the operating cyde: 

a. Two (strtdce) cycle; 
h. Pour (stroke) cycle; 
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c . Low compression j " 

d. Medium compression juid 

lottt 

e. High compression: DIatal,* 



Fic. 2M7- — C^Dd view of Fuller & Johnsan lierosene engine. The engine has b pruning cop and 
fuel reurvoir. In tlarflna, the fuel pump ia hooked up, the reservoir filled nith Euoline. 
a priminf! charge is di&wn into the cylinder ajid the engine started nn battery and run on 
low tension magneto. Runntnp. Hot air ia supplied by the krater that envelopes the ex- 
faauat pipe, thus, with the engine started and running on gasoline and using hot air from 
the heater, only a jrvi minutes of running are required before the engine may be operated 
on keroaene. The change to kerosene is made by simply unhooking the pump. This pci^ 
mits the pump to operate, and deliver the kerosene into the reservoir where it mijtea witll 
the saaohne. and the fuel is graduaJly changed to kerosene with no tftraoU adjusttntJits, 
Th^ mijtr has primary and secondary air supply. On light loads all of the air entera 
throucfa the regular air opening; on heavy loads (one-half to full load) the auction of the 
^ton automatically opens the auxiliary air valve through which the additional requiied 
air ia aupplied. On heavy loads tbia cold air enl«nng through the auxiliary valve tenda 
to keep constant the high tempeiature of the cylinder. Water injection^ To avoid ex- 
cesaive hiflh temperatures in the cylinder when the engine ia operating on heav^ loada, water 
ia ipjected along with the mixture. The water is supplied fiom the water jacltet of Uie 

throttle. The water injection ia automaiioally contioDed by the auniliary air valve, tbs 
water entering only when engine is under load (one-half to full load). The mjectioq of 
water tends to lower the cylinder temperature, and to prevent foimatioa of cubon. Throl- 
UiW Booernor. In this meihod of governing the apeed, the engine eipbidea every aeeood 
revolutionof the flywheel, and the surplus heat generated by the succesaive eiploeioill lieepi 
the cylittder hotter, that ia at a more eoonomical lempeiature than the hit or miia method. 

portion to the load; that is, the greater the load the wider the governor valve ia opened, the 
greater the ohafge taken in, the higher the compresaion, and the stronger the eiploaion. 

*NOTE. — Owing to tlie impoitaace of the Diesel engine It la tieated in a scpaiate chapter. 
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Kerosene Engines. — Kerosene as compared with gasoline, 
contains more carbon, and therefore, if proper conditions for 
combiistion be provided, it should bum longer thus giving more 
power per gallon. 
Kerosene is more difficult to vaporize than gasoline and un- 
less proper meth- 
ods have been 
employed in the 
design and con- 
struction, an en- 
gine will not give 
satisfactory re- 
sults, especially 
under light loads. 
The term ker- 
osene engines is 
here used to de- 
note the type 
whose operation 
depends on pre- 
heativg the fuel 
for the mixture as 
distinguished 
from the heavy 
fuel types in 
which the Juel is 
injected into the 
cylinder by means 
of a pump. 

Engines of the lat- 
ter class however will 
operate on l^erosene 
and are frequently 
_ used with that grade 
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FigG. 2,84S and 2,S16 show a kerosene engine designed to operate <m a 
pre-faeat^ mixture. As will be seen there is a carburetter or milter (tnd a. 

The mixer is provided with two fuel nozzles and a water nozzle. The 
engine is started on gEisoline and run on kerosene after the parts have 
became sufficiently heated. 

The water nozzle is used to introduce water into the mixture to prevent 



Qnnecting rod end, afaowins 

e temperature on heavy loads and to furnish by dissociation addi- 
tional oxygen for combustion. 

Kerosene engines should preferably be of the throttling governor type 
in order to insure adequate pre-heating, because this is not so well main- 
tained in the hit and miss type, especially on light load. 
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Pigs. 2^St to !3H.-:-Uiiiicic igniter bead, igniter spoon, uid cylinder disusembled showing 

rear. It is paased thraudi thn opening in cylinder head. Over this is placed the ignilec 
head, which ass a larger nao^ that is Hcured to the cylinder head by means of studs, thus 
holdiDf the apoon Grinly in place. Between the joint to make it tight and hold the com- 
TjTTasion ia olaced a Conner asbestos gasltet. In this manner there la made a complete 
' — '' — '' ' ""eTi through the spoon and into the igniter 



lien into the combustion chamber in the form of water spray at the 
It is adnutted by means of an adjustable valve on top of cylinder, 
ve. This water entering the combustion chamber and changing to 

.._ t port IS yet open assists the incoming air to more thoroughly sweep 

the burned Kaaea, The fuel is nnt put into the combustion chamber until both ports 

have been closed and the air and steam have been partly compressed at which time it is 
(otcibly injected into the hot compressed air and steam, onto led hot cast iron vaporizing 
anrfmes iiuide of the combustion chamber, which surfaces are kept incandescent by Xho 
explosions. The heat caused by lompressinE the air, plus the heat absorbed from the hot 
mrfaces inside, assisted by red hot cast iron tor any liquid globules to fall onto, is sufUcient 
to gasifjr any oil aa soon as injected into the combustion chamber. The red-hot surfaces. 



in addition to asaistiivg in mailing gas o 

icoite the chaise, 'nie governor controls the speed b; 

misction pump strolfe. thus varying the richness ^ the m 



ig ttie length of the fuel 
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Fig. 2,856. — Meitz and Weiss low compression two cycle steam scavenging^ engine. In opera" 
tion, air is drawn into the closed crank chamber A, from the interior of the oase B, tmxMigh 
the port C, in the lower ^art of the cylinder. On the outstroke of the piston, this air is 
compressed, and the opening of a port D, by the piston, allows the air, together with the 
steam generated in the water jacket, to ]^ass into the combustion space of the cylinder. At 
the same time, the exhaust port E, havmg been overrun, and thus opened by the piston, 
discharges the products of combustion of the previous charge into the exhaust pipe. The 
fuel is injected mto the cylinder by the pump P, and mixes with the air and steam previousty 
admitted from the crank chamber, so that on the instroke, or compression stroke proper of the 

Siston, tibe charge is automatically ignited by contact with the heated walls of theigniter ball Q. 
)il storage tanks capable of holding more than a barrel are placed underground and the 
engine provided with a small pump to supply the reservoir H. In most cases, the sucticm 
pipe of the injector pump P, can be connected directly^ to tiie storage tank, or to a small 
tank placed on the floor or on the engine. The oil pump is of the single acting plunger type, 
the suction^ and pressure checks being screwed into the pump body. A small lever serves 
to operate it by hand in starting the engine, and to draw the oil in case the pipes are not 
completely filled. During continuous running, it is operated by a rocker arm connected 
to the eccentric through the pltmger guide I. The spring around the plunger L, foTx:es 
it back to the short spring stop of the guide. To stop the engine, the pump lever is pulled 
back while a pressure is exerted on the small projecting pin K, at the side to lock the pltmger 
guide out of action. Ignition is effected by means of a hollow cast iron ball G, located in 
the projection attached to the cylinder head. A charge is formed at every revolution of 
the crank shaft and compressed by the piston into the compression space of the cylinder 
and the interior of the igniter ball, where it is promptly ignited when the piston reaches 
the dead point. Before starting, the igniter ball is heated for a few minutes by a small oil 
burner, M. The oil jet from the injection nozzle, N, strikes the projection 0, extending 
from the igniter ball and is sprayed, vaporized r.nd mixed with the air and steam in the com- 
pression space. The igniter ball is maintained at a dull red heat by the heat of the explo- 
sions. The cylinder is water jacketed. 
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Pigs. Z.857 and Z.SJ8.— Sectional viawi of Da 
La Vergne (tyiw HA), low compression, four 

operation, ths iuel chMgo enters through 
l£e inlet valve which is held open by ft 
GUJtable cam dunng the auction stroke. At 
the beginning of the return attolre at the 













thus confined in the cyUnder is foiced through 












the narrow psssaKS sho-m in fig. 2,857 into 












lbs, pressure, and ignited by the combined 
























of the vaporiier. The vaporizer consists of 












two parts, a jacket and a cap. The jacket 
is bolted to tho cylinder and connects with 












it through the narrow passage shown in fig. 












2,857. 1 he cap consists of a massive gun iron 












thimble, heavily ribbed on ths inside to in- 












crease its surface and is bolted to the jacket. 
























a high temperature by the combiution of tha 
successive charges of fuel by which the engine 
is driven. The vaporiier must bo heated to 






















B dull red heat by a blast lamp before tha 












engine is started, but the use Sf the blast 












lamp may be discontinued as soon as the 






S. 


The 




follow m fegulat sequence. The eihaust valve 


is operated by 


erd 




laf t. located under the eyUnder side by aide wilb 


the lev 










The eihaust gear is such that when starting, 




npresai 






relieved by shifting 






ntrolsl 




LuMrf^dl^fedtofhe va^riaer'in^'iiS^Jki^ 






be 




ITiis engine wiU 


lot only tun successfully on kettosena or any of 



called diitiUatea, ai 
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Low and Medium Compression Heavy Oil Engines. — 

For perfect combustion of heavy oils, the following are the 
essential conditions: 

1. An abundance of oxygen; 
♦ 

2. Perfect atomization of the fuel, so as to expose a large 
surface of the oil to the action of the oxygen; 

3. Efficient distribution of the atomized fuel with the air 
charge; 



Aim — 



Average Area of DlagruBt* 

1*33 Sq. In. 
Length, 2.d0 Inchea 

Spring, 100 Lbs. 
Average M.E.P.M 

^ X 100-47.S Lbi. 




^ Saction 



Pig. 2,850. — Indicator diagram of the De La Vergne (type HA) low compiession four cycle pump 
injection heavy oil engine. 

d. Highly heated vaporizer chamber. 

These conditions may be produced in either two or four cycle 

« 

operation. 

Fig. 2,856 is an example of low compression two cycle heavy oil engine and 
shows one arrangement of the vaporizing chamber. 
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In operation oil is sprayed into the vaporizer immediately after the 
completion of the exhaust stroke at the same time that the oil is vaporized 
by tne hot walls of the combustion chamber. 

On the return stroke, the air is forced into the combustion chamber, and, 
mixing with the oil vapor, is compressed with it, being ignited at the end 
of the stroke. The vaporizer here mentioned may be ^Ued an internal 
vaporizer as distinguished from an external vaporizer or preheater as used 
on kerosene engines.* 

In the four cycle type of heavy oil engine the essential require- 
ments just mentioned are fulfilled as follows: 

Suction Stroke. — ^Admission of a full charge of air into the vaporizer 
and cylinder. 

Compression Stroke, — Compression of the air charge to 150 lbs. 
pressure (more or less). Near the end of the stroke, the oil is injected into 
the vaporizer in the form of spray by the fuel pump. Coming into contact 
with the heated air, rich in oxygen, and striking the hot surface, vaporizes 
and ignites. 




200LB&SPRIN6 

CARD AREA .95 LCNdTh 2$ 
4SJ aKf? LOAD 250 R.P.M. 



Fig. 2 ,860. — Indicator diagram from Venn-Severin type K medium compression two cycle oil 
engine. 



♦NOTE. — One of the main difficulties encountered in the use of external vaporizers or 
mixture pre-heaters in oil engines is due to the fact, that, the process of vaporization requires 
the raising of the temperature of the oil vai)or and the air with which it is mixed to a tempera- 
ture rangmg from 250* to 300° Fahr . , at atmospheric pressure . As a result , the specific gravity 
of the charge is greatly reduced, so that a given volume contains a less number of thermid 
units than when it is at atmospheric temperature, and furthermore, the consequent higher 
initial temperature results in a higher compression temperature for a given pressure than that 
attained in the case of a gas engine. The total result is a higher temperature throughout 
the cycle and a greater loss of heat through the cylinder walls than is the case when the ^an^e 
is admitted to the cylinder at atmospheric temperature. The combined effect of these conm- 
tions is the imposition of an early limit to the compression ratio, on account of the increased 
liability to premature ignition due to the higher compression temperature and the lower igni- 
tion temperature of the oil vapor, as compared to those involved m the use of coal gas. En- 
gines which do not use external vaporizers possess the inherent disadvantages of a higher com- 
pression pressure accompanied by a lower explosion pressure than those attained by engines 
of the vaporizer ^rpe. This indicates, that for a given size cylinder and a given quality 
of fuel, the mean effective pressure and consequently the power developed will be considerably 
lower Li the former than in the latter. 
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working c^cle i 
Marpermitan „., 

thui ■dq>tmK it to ligbteim, 
tuffi sod other heavT Wbridng 
boats nqniniig quick control in 
insiiceuviina itmA dodo, gtc. 
Ths indicatoT cards, fies. 2,862 
■nd 2,863, sllow ^ill and tko 
kiad opsatioa. Then ii one 
impulfiv per revolution aa in an 
oioinarv two Etiolie cycle en- 
gine, although the actual cycle 

class by itself r ^ eo^oe'mU 
nin on the heaviest gradei ot 
fuel oil including tar oil with 
BjitaCfr economy (oa claimed) 
Ulan the Diesel ejid permit ft 

speed to less than 5% oF rated 
speed. For heavy duty the 
weight and aiie of these enginea 
ia less than 50% and for high 
speed work sucli ai yachts 
torpedo boats, etc., less tlmn 
26%oft]iatofDieseleDgiiuaof 
equal cBpacity. In operation, 
the oil is ted to the fuel valve 
by the fuelpumpandfuel valwe 

most perfect gas during the 
charging period of the combiu- 

with the air pfflviousjy admit- 

eiplosive miiiture isthen ipiiled 

ordinary gas engine and pecf ec t 

the perfect traosformation (^ 
ii< the oil fmm the liquid to the 
BBsemis state, ta mlartUim, 
the fuel atomiser is clectricalh' 
preheated; afterwards this beat 



BT of premature explosions is^^..^ 
the compound compiewion lyslcm. 
le Kavenging air eaters the cy^ider 
tented induction a^stem which tiunin- 
«. ,iie of large scavengmg pumps. 
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'Ul. 2364. — Ds Lb Vergna ttype DH) medium compnuiaii four cycle piunp in 



il engine fuel pump . 

lonzontal plunger 
ft openiTig mto the 
LP eWnber ia held 
rating oam thnni^ 






.'itb.l 



id-stroke., the cam 

oH the motioo . allowing a very rapid closure o/the euction vBlve. whife the continued advance 
of the t>lu°sef forcei the lower or discharge valve open, delivering oil to the combiutioD 
chunba tor a period of 12 to 10 degrees, which is temiinsted by the re-opening of the upper 
vilve by the cam motion again allowing the oil Co by pass. By the use of a cam coDtnlled 
injectioii period, the timing of the injoctioa is detetmined indepcodent of the goveroor. 
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as 



tiil 
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it rushing exhaust g . 
thus completing the scavenging. 

Fig, 2,861 is an example of heavy oil engine of the medium 
compression type, and fig, 2,860 a typical indicator card of a 
medium compression engine. 

Semi-Diesel Oil Engines. — This classification is applied to 
engines of the medium compression heavy oil type in which 
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the fuel is injected by the combined pump and compressed air 
method. Engines of this class like those of the preceding type 
depend on the combined heat of compression and that of the 
vaporizer for ignition. 



Pis. 2^70. — Cnias section through cylinder ot De La Vergne (type FH] lemi-Diettl etiflne 

UbM lamp for from 7 to 15 minutes and discontinued when the engine stsjis. The combus- 

»utomatically by admission of the air from the air tanks furnished tor that pHipose. Ta 
■Jort^ beat combustion chamber with the blast lamp, place crank in starting position and open 
the air cock. A cam on the lay shaft then successively opens and closes the startine valve 
at tiu proper times- When combustion has commenced -and the engine b^ins to gather 
«p«ed, tbe air eoclc should be closed. To (lop, cut off the supply of luel. 

The Operating cycle requires four strokes as follows : 
Suctton Stroke, — ^Admission ofa full chai^ of air into the cylinder. 
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O>n^re»tion Strofte.— Compression of the air diarge into the com- 
bustion space to 250 lbs. (more or less). At or near the end of the com- 
pression stroke, the fuel oil is delivered to the spray valve by the fuel pimip 
and blown into the cylinder by air furnished by a compressor at a pressure 
above that due to compression in the engine cylinder. The charge thus 
injected into the cylinder being ignited by the heat of compression. 

Power Stroke, — The resulting pressure of combustion drives the piston 
forward, transmitting enei^ to the fly wheel. 

Exhauat Stn>ke. — The burnt gases are eipelled from the cylinder. 



Act. 3371 to 1374.— De La Vsrgne [type P. H.) tmt-tM—l anybu, pulveriHr or ipnT 
valve. Pig. 2371, uHmblr ia cuinai fiig. 2372. ituffiog boi; fig 2373, ktomHeT;fi«. 3374. 
■pny valve ueembled. 
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CHAPTER 48 
DIESEL ENGINES 



Rudolph Diesel, a Gentian engineer, aiming to increase the 
efficiency of internal combustion engines, found from purely 
theoretical consideration that the highest efficiency would be 
realized by carr3Hing out in practice the ideal Camot cycle.* 

To approximate as nearly as possible to this cycle Diesel 
devised a cycle, the unique features of which he describes in his 
treatise "The Rational Heat Motor,*' as follows: 

''The characteristics of the working cycle, as deduced from one theory 
of combustion are: 

"1. Production of the highest temperature of the cycle, not by and 
during combustion, but before and independently of it, solely by compres- 
sion of air, or of a mixture of air and gas. 

"2. Gradual introduction of the pulverized combustible into the com- 
pressed and heated air dtuing part of the stroke of the piston, and in such 
a way that combustion produces no increase in temperature of the gases. 
Hence the combustion ciu^e obtained is as nearly as possible isothermal. 
After ignition, combustion is not left to itself, but is re^;ulated bv external 
meduumsm throughout its course, and the right proportions are thus estab- 
lished between the pressures, volumes and temperatures of the gases. 

"3. Choice of the right weight of air in proportion to the heat value of 
the combustible, the temperature of compression (and of combustion) being 



*NOTB. — ^In the Cartiot cycle, a working fluid at a ^ven temperature and volume ez^mds 
wUe doing work and receiving heat sufficient to maintam it at constant temperatoie. When 
the addition of heat ceases the expansion continues adiabatically, the temperature falling ta 
the kywest i>oint of the cycle. During the return, heat is withdrawn in proportion to the re* 
duction in volume, and ue curve is again isothermal. The compression is adiabatic, and in 
the true Camot cycle the gas is returned to its original volume and temperature. 
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previously so determined that the working of the engine, lubrication, etc., 
can be carried out without cooling the cylinder. 

"We need scarcely say that, in practice, these conditions can hardly be 
realized. In working engines the comers of the indicator diagrams are 
more or less rounded, the curve of combustion is not perfectly isothermal 
and under given conditions a certain increase in temperature or pressure 
will be caused by combustion. This rise, however, is slight in comparison, 
with that previously produced in the temperature and pressure of the gases 
by compression. Nor do these differences affect the principle of the cycle." 



■INJCCTION ENDS 



■- INJECTION DLGINS 




Pig. 2,875.— Typic4 
indicator card of 
Diesel four cvcle 
engine. It will be 
noted from the 
diagram that the 
pressure range and 
mean effective pres- 
sure is much greater 
than in other en- 
gines which ac- 
counts for the 
massive construc- 
tion. 



The Diesel cycle may be completed in either two or four 
strokes, the latter being the prevailing practice. Briefly the 
foiir stroke Diesel cycle is as follows: 

Suction Stroke, — ^Admission of air into the cylinder. 

Compression Stroke,, — Compression of the charge of air to about 500 
lbs. pressure which causes its temperature to rise to about 1,000° Fahr. 

As this pressure is reached gradually it does not cause a shock to the engine, such as 
an explosion to the same pressure would give. 
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3. Sprayer or pulverizer; 

4. Air compressor; 

5. Valve gear and connections. 

These essential parts are shown in the schematic diagram, 
fig. 2,877, showing arrangement of the Allis-Chalmers Diesel 
engine. 

Diesel engines are manufactured in both vertical and hori- 
zontal types. 



?IC. 2^78. — Cnaa SKtion threueh valve ecu of Alli»-ChalinerB Diael eogine. 

The advantages of the horizontal engine, as enumerated by a concern 
with an established reputation as builders of vertical en^es are: Lower 
price; easy survey and convenient attendance; better distribution of stress- 
es on the crank shaft and main bearings; better lubrication of bearings; 
better lubrication of piston; easier cleaning and repair work, especially to 
pistons which can be taken out without removing the cylinder head and 
the valve gear; reduced height of engine room, as all pipes are laid in 
trenches under the floor and do not obstruct the room. 
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The Cylinder. — The usual jacketed cylinder is employed in 

the Diesel engine, though it is somewhat longer thaa the ordinary 
cylinder to accommodate the extended piston. The cylinder 



WJ. 2. S80.— Transverse section th 


rough oylinder head 


of the National Diesel engme abomng 


vklvea and valve gt3.t. The inl( 




seats are not cast m the head. The 


inlet valve seat is formed in the 


inlet cage and bein 
It valve by removin 


g located above the eihaust makes it 


possible to withdraw the exhaui 






The valve heads ar 


s of cost iron, iasltneOAa opea bCBrth 


steel vaJve stems Both valve's 


are operated by ro. 


ckers and wipers, which receive their 



head, which is also water jacketed, contains the inlet valve, exhaust 
valve, air starting valve, and fuel sprayer. Figs. 2,879 and 2,880, 
which are respectively longitudinal and transverse sectional views 



DIESEL ENCmES 



mi 

I ?» -9 

I °'^ I'S 

i mi 

1 M 

■2 ECwJa 

■« °^ i 1 

8 1^ 



I I 3^ 

I 1 fL_ 

I -I ^ o a p 

i 1 151 



<ti €€8 = 8 



DIBSEL ES\:i.\-ES 



TTie CyUndo*. — The usual jacketed cylinder is emploj-ed in 
the Diesel engine, though it is somewhat longer than the ordinary 
cylinder to accommodate the extended piston. The cylinder 



TiiNvs »»i ™K-» bht. TW inU?! anil rslviifH valw jMla «r* n.>l iNwt in llw Iwail. Th» 
■bM Vktv* Mft M (Onnnl iu Iti? tulri >-<iw «>hI Wiiu hv<>tr>l alvw i)w oiluuil nukis it 

and •shtinsl viitv*« in vwik*!. Ttw valw tiHJi uv ' 



head, which is also water jacket ed.c^^nljuns the inlet val%'e. exhaust 
va]\-e. air starting valve, and fuel spriuor, Fij;s, 2,S7ll and :2,SS0, 
vhich are respe^-'tively lonj;itudini»l and transverse so^-tioiial views 
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of theNationaJ engine show the construction and general arrange- 
ment of these parts. 

Fuel Pump. — This is usually of the single acting plunger type, 
being driven by an eccentric or cam from the valve shaft. For 



i. !^I.— CylindeT hcsd of the National Diesel engine. It Cflmes OiB inlet, eihsust, ati 
tuteiand fuel sprayer valves, and is provided with liberal water jackets. Note the sub- 
tantial coiuCmccioa aa indicated by the aumerDiu holes in the fluigs for lane bolts. 



inal Diesel engine. The piston ia of the trunk type, of nifficieDt 
.. bearing jjreasure on the cylinder walls. Its length and the fact 
sd will indicate forcibly the levereconditioDs imposed by the Diesel 



cycle, requiring very massive uid 

multi-cylinder engines, a separate pump is provided for each 
cylinder. The capacity of the Dump is made considerably more 
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than is necessary to allow for possible leakage combined with 
heavy overload. 

Sprayer and Pulverizer. — The efficiency of the engine de- 
pends largely upon the effectiveness with which this device 
atomizes the fuel, as for proper combustion the fuel must be 
injected into the cylinder in a very finely divided state. 




the combufltion cha 



bcr. Fuel oil froi 
i in the open chi 



id IB ignited by the beat of the 



Tliesatiro device! ai 



being: hollow and having 



□tajoh 



lasTfui 



endT^Tl 



: upper or larger part 



, in the up >t 

oil. oomctlir proportioned I 
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ming La effected by allow 

dke of the phuigcT, thus ™. -„ -- r-— 

1 the load which the engine is canyiog. The go 
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In one arrangement the movement of the fuel valve is very slight, giving 
a. narrow annular opening for the entry of the oil. Suirouoding.tbe valve 
spindle is a series of brass washers perforated parallel to the spindle by 
numerous small holes. The oil is pumped into the space around the valve 
spindle near its middle, and by capillary action finds its way between the 
washers and into the perforations. The air for fuel injection is admitted 
through another pipe into the same space, but behind the oil, and because 
of its high pressure blows the oil in a very finely divided state into the 
<g'linder when the valve opens. 

Governor. — The amount of oil fuel injected into the cylinder 
is regulated by the governor which controls the time of opening 



<:TBnk Bfasft of National Dic»I nipiu. It is maAe o[ owa hearth ateel, foiged 
ation of™B crank pinla*effected"by niMra of brasa""rooved centrffugarrinBa. 
Lvea from thecraak shaft by meana of cut apiral gears, one of which is acen in the 



of a by pass connecting the discharge and suction sides of the oil 
pump. At light loads the oil is pumped to the fuel valve for part 
only of the admission period, and air above will enter past the 
valve for the rest of the period. 

Startlt^ Valve. — The engine is started by compressed air 
from an auxiliary reservoir, a special starting valve being used for 
the purpose. 
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Air Compressor. — For the operation of a Diesel engine a 
supplyof air compressed to from 700 to 1,000 or more lbs. pressure 
is necessary. This high pressure puts severe duty on the com- 
pressor and accordingly it is an important part of the engine. 

In medium size engines a two stage compressor is generally used, and for 
large engines the air is compressed in three stages, intercooling being 
provided so as to maintain a moderate temperature, and thus avoid ex- 
plosions which might result from the lubricating oil. 



L 



Pig. 2,889. — Fulton air compreiaoT. It is of the two stage type and js driven dtnctly from tba 

eight atmospbero (approxinutely 105 to 120 lbs. per sq. in.} after which it i* delivered to 
an int«r-cooler befoie being dravn into the high pressure cylinder, wbere it is compTessed 
to from 55 to 65 atmospheres lapproiiniBtely 825to 975 lbs. per i<i. in.); thence to a second, 
cooler, after which it i» stored in the sroiill air receiver for fuel injection. The conraMsor 
delivers slightly more air than is required for fuel injection and this surplus is stored in the 
two large ceceiven for starting. Air in the startina receivers may be at any pressure from 
700 Co I.ODO lbs. per sq. in., but the injection air should vary with the load, >. *.. 800 lbs. 
for half load, 875 ft^. for full load and slightly higher. 8»y 1.000 Iba. for 10 per cent. overload. 

The compressors are preferably directly connected to the crank shaft 
of the engine, though on some engines they are cperated by & rocker arm 
from the connecting rod as well as by individual motion with the larger 
units. The power absorbed by the compressor is about 8 to 10 per cent o£ 
the total power of the engine. 
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Valve Gear. — The general arrangement consists of a long 
shaft driven from the crank shaft by means of spiral gears. It 
serves to drive the valve gear, governor, sprayer, and starter, 
lubricating and fuel oil pumps. 

The general arrangement of the valve gear on both horizontal 
and vertical engines is shown in the accompanying cuts, also 
the various other details or mechanisms described in the pre- 
ceding sections. 



Pic. 2,890. — Biuch-Sulzer Dieael engine, IZO brake boise Rawer. 

Lubrication. — On horizontal engines, the main heavy out- 
board bearings and cam shaft bearings are usually lubricated by 
means of chains running in oil pockets. The piston, piston pin. 
crank pin, eccentric, exhaust valve stem, and low stage com- 
pressor receive lubrication by force feed, minor bearings are 
lubricated by sight feed oil cups and compression grease cups. 
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A typical lubrication system for vertical engines would con- 
sist of a force feed oiler for the cylinders and piston crank shaft 
bearings. In one make of vertical engine the crank shaft is 
drilled through its entire length and a small self-priming rotary 
pump circulates the oil from the engine bed to all bearings located 
inside the crank case, and up through the hollow connecting 
rod to the wrist pin. The oil flows back to the crank chamber 
where it is filtered and so used over and over again. An over- 
flow valve in the system regulates the amount of pressure which 



Fic. 2.S61. — Schematic diseiam of Busch-Sulzer-Diesel engine showing force feed lubrication 

is normally held at 15 lbs; and a gauge mounted over the force 
feed lubricator may be readily observed by the operator. 

Economy. — The main feature of the Diesel engine is its 
economy, its thermal efficiency being variously estimated at 
from 32 to 34 per cent. 

According to one American builder the fuel oil consumption 
for a Diesel engine of moderate size ordinarily runs about .43 



L" 
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Figs. 2,892 and 2. 8S3.— Sectional views of Biueh-Sulier tour cycle Diesel engine. The cylinder 
heads contain all valves necessary to Che cycle— that is, stuting, fuel, admission and eihaiut 
valves. The fuel valve is centrally located in the head. The starting and fuel valves are 

such that, while the starting valve levets are in contact ivith their cams for starting, the 
fuel valve levers are out of contact with their cams. A turn of the handle, through s neutral 
position, reverses these conditions for running on fuel. One handle and one movement 
eliminate the factor of human error from this operation. The cam shaft is located alongside 
of and level with the cylinder heads. It is enclosed in a cast iron casing provided with 
hinged covers, the cams dipping in oil. It is opeiaUd from the eranlc shaft by a vertical shaft 
and tvQ sets of heavy screw gears. All cranks are in one plane, the two center ones forming 

two eccentrics located on the vertical governor shaft. The pump gives two discharges of 

discharge stroke just preceding ignition. The three stage air compreaaor has the general 
appearance of a nftb cylinder in the enf^ne. It is driven from the crank shaft. Means of 
afiectin^ the cooling of the compressed-air betwt 

operated by a rota 

tern contains filters in duplicate and a coolei ^ 

Soitably drilled holes, in the crank shaft and connecting rods, conveying the i 

an adjustable, multi-feed, pressure lubricator is used. Both systems, being practically ai 
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pound in commercial service, equivalent to 8,000 British thermal 
units per horse power hour. ' 

The very high fuel economy of the Diesel engine is about all that can be 
Baid in its favor for to offset the saving in fuel over other types of engine, 
the fallowing items must be seriously considered: 1, very high first cost; 
2, high compression pressure required to ignite the charge, hence any 
leakage of the valves, piston rings will cause faulty ignition. This applies 
to the compressor which furnishes the spraying air as well as to thepower 
cylinder; 3, trouble likely with overload operation because the effect of 
overloading is to increase the fuel charge so that the amount is greater 
than can be bumed with the air available. The result is that combustion 



Pic. 2,894.— Vertical Uy shaft and actuatms screw ebui of Biucb-SuliOT DicMl tnlpa^ 



continues after expansion has begun, and if the overload be great it Taa,y 
even be that the charge will still be burning when the exhaust valve is 
opened, which condition will quickly destroy the exhaust valve; 4, operation 
with leaky valve will result in both valve and seat being cut out by the hot 
gases blowing through at high velocities; 4, close and lu^ gmde attcntioa 
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ir to about 50O lb«. pre*nu«, 
erature liaing to about 1,000° 
, the atonuzer spindle ii lifted 
Eun shaft, opening the pisa- 
the cylinder, and the inject- 
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How to Run a Diesel Engine.— In general the attention 
necessary for properly operating the engine niay be briefly stated 



— Fulton tour cycle Diesel marine engine. Adapted In low grade residue or t 
nil opeTate also on keroseoe. CompTcssion ptcbsute fiOO lbs. In aptration, i 
the first down stroke draws pure air into the cylinder, with no miituro whate* 

impressed to upwards of 600 Iba. Derao. in. J 

impression stroke the needle of the fuel vain 
te cylinder by the injection air obtained from ' 
1 heat of compression. The fuel enters the CO 
ndflamt 
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Before Starting. — See that the lubrication system has the [iroper supply 
of oil, care being taken that all lubricators are m proper worldiig order. 

The cooling water system should be examinod, aad if necessary the 
circulati^ pump printed, and all valves opened for the proper flow of the 
water. Tht compressed air in the receiver should be brought up to the 
proper pieesure. 
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Place engine crank in proper position for starting, exhaust cam on low 
compression side, and place control handle of starting valve in proper 
position for starting. 

Open air inlet to low pressure side of the air compressor. Pump by hand 
fuel charge to the sprayer. 

Starting, — If the engine be provided with automatic starting arrange- 
ment, open the valve on the starting receiver and the valve on the injection 
air receiver. 

When engine comes to speed, put starting valve lever in the off position 
and shut off receiver containing the starting air, also open full the injector 
air valve. 

Engines may be started with air at pressure as low as 200 to 300 lbs. If, 
however, the injection air pressure be below 600 lbs., the valve on the 
injection air receiver should be closed when the starting air receiver is 
opened. It can be reopened as soon as the engine has come to speed. 

Running. — If light and heavy fuels are used, the heavy fuel can be 
turned on after starting, being careful if the heavy oil requires heating not 
to admit the heavy fuel until the engine has heated up sufficiently to raise 
the temperature of the jacket water to about 110** Fahr. 

Stopping. — To stop the engine shut off the fuel supply and close tightly 
the injection air receiver valve. In freezing weather the jackets should be 
drained and the cooling air coils between the high pressure air and inter- 
mediate compressor should be blown out as well as the injection pipe. 



Diesel Engine Troubles. — Like all other types of gas engine, 
the Diesel engine is subject to various troubles due principally 
to careless or improper attention from those in charge. The 
following are the most frequently met with: 

Failure to Start. — ^Usually due to faulty working of starting valves 
and failure to ignite. 

Ignition Fails. — ^The principal cause is loss of compression. Sometimes 
the pump does not deliver an adequate charge of fuel, or the timing of the 
fuel injection may be incorrect. 

Pump Fails.- — The check valves may be prevented seating by foreign 
matter in the oil, or the ptunp may be air bound. The connections and 
stuffing box must be tight to prevent leakage. 
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Loss of CompreBsion. — ^This may occur by leakage, past the piston 
due to stuck or worn piston rings, or past the valve which may need re- 
grinding. Leakage past the exhaust valve may be detected by the color 
of the exhaust gases; if smoky or black, it indicates that the gases are 
leaking past the valve, resulting in improper combustion. Owing to the 
very mgh temperature of the Diesel cycle any leakage past the exhaust 
valve if allowed to continue will very quickly ruin not only the valve but 
the valve seat. 

Overloading, — Since the governor regulation is such that it increases 
the fuel charge with an increase in load, when the engine is overloaded, 
the temperature of the exhaust ^ases is very high, and in some cases exhaust 
takes pliace with combustion still in progress. No exhaust valve will stand 
such temperattu-e for any length of time, and for tlds reason a Diesel 
engine should not be overloaded. 

Underloading *-^BecaMse of the governor action in varying the quantity 
of fuel charge with the load, ignition may cease in one oi the cylinders of 
a multi-cylinder engine because of lack of fuel supply. 

Irregular Running. — ^This may be due to several causes, as defective 
governor action; fuel injection too early or too late; individual pumps on 
multi-cylinder engines not delivering like charges — ^that is, one pump may 
deliver more fuel per stroke than the other, due usually to improper action 
of the check valve or air pockets. 
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CHAPTER 49 

GAS PRODUCERS 

Producer Gas. — ^The gas formed by a producer is the product 
of an incomplete or retarded combustion of the fuel. This is 
effected by burning the latter in a bed, several feet in thickness, 
within the generator or producer proper. The heated gases 
and flame from the portion nearest the air supply, where com- 
bustion is more or less rapid and complete, have to pass through 
the remainder of the bed, distilling gases from the latter in their 
transit. The processes of combustion within the generator may 
be described as follows: 

The oxygen O, of the atmosphere combines with the fuel 
in the first portion of the bed, and the ensuing combustion re- 
sults in the formation of carbon dioxide CO2, that is to say, 
each atom of carbon combines with two atoms of oxygen. This 
means that each pound of carbon requires 2% pounds of oxy- 
gen, the combination resulting in the formation of 3% pounds 
carbon dioxide, and, at the same time, imparting about 14,500 
heat units to the mass of fuel. 

The effect of this process is that the 3% pounds of carbon 
dioxide assimilate another pound of carbon, forming 4^ pounds 
of carbon monoxide, which is equivalent to the evolution of 23^ 
pounds of the latter gas for each pound of carbon consumed. 
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Processes Witiiin flie Producer. — The first two reactions in 
the generator constitute what is termed incomplete combustion, 
consisting of the formation of carbon dioxide and the decom- 
position of the compound into the monoxide. The result of 
the process is the same as if the pound of carbon had been burnt 
directly to carbon monoxide, thus developing 4,451 B.t.u. for 
each pound of C, burnt to CO. This heat is apparent as the 
sensible heat of the fuel bed and generator. 

The carbon monoxide may be caused to combine with fresh ox/gen at any 
time after it has left the producer, this second combustion to COx being ac« 
companied by the evolution of 14,544— 4,451 « 10,093 B.t.u., the heat value 
of CO to COt per pound of carbon contained. 

Now, atmospheric air is a mechanical mixture of oxygen, which supports 
combustion, and of nitrogen, which is an inert gas serving as a diluent. The 
proportions, by weight, are: oxygen, 23 per cent.; nitrogen, 77 per cent. 
Therefore, accompanying and diluting the 2^ pounds of carbon monoxide, 
resulting from the reaction in the producer, there will be about 4.46 pounds of 
nitrogen, the whole forming about 6.8 pounds of lean gas. 

Use of Steam in Connection with Gas Producers. — ^The object 
of the gas producer being the generation of a combustible gas 
of high heat value, it is desirable to use as little as possible of 
the inherent heat energy of the fuel during its gasification. 
The only sensible heat necessary is that which raises the fuel 
to incandescence so as to reduce the carbon dioxide to monoxide. 

Now, there are some 4,451 heat units generated in burning a pound of 
carbon to carbon monoxide, and as only part of this heat passes away with 
the gases or is dissipated by radiation from the generator, it may be said 
that there is a surplus of about 2,500 BJ.u. per pound of carbon over and above 
what is necessary for the working of the furnace. This extra heat requires 
to be utilized in order to get the greatest efficiency from the generator and to 
keep the temperature down, a temperature of 1,900'' Fahr. having been found 
to give a minimum of COs or a maximum of CO. 

This surplus of heat is utilized in an effective manner by the introduction 
of steam into the generator. 

Each pound of steam on being decomposed, liberates % pound hydrogen 
and % pound oxygen, the latter combining with % pound carbon to form 1% 
pounds of carbon monoxide, this extra amount being produced without the 
introduction of any more inert nitrogen into the apparatus. 
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In order to effect the decomposition of one pound of steam, in the pressure 
of incandescent carbon, 6,800 heat units are necessary, and as there are only 
about 2,500 ^./.M. available for the p\urpose from the burning of each poimd 

of carbon, the quantity of steam that can be taken care of is ^^gQQ or 

about .37 pounds. This 3delds about .325 pound of oxygen which combines 
with about .245 pound of carbon, yielding .57 pound of the monoxide, 
which is equivalent to saying that about one-fifth of the total carbon can 
be gasified by the aid of the steam. The hydrogen liberated wiU be about 
.033 pound for each pound of total carbon gasified in all reactions. 
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Figs. 2,897 and 2,898,— Gas producer t3rpes; fig. 2,897, pressure up draught; fig. 2,898, pres- 
sure down draught. 

Glasses of Gas Producer. — ^With respect, to the control of 
the air passing through the machine, producers may be classified 
as: 

1. Pressure producers; 

a. Up draught; 
h. Down draught. 

2. Suction producers; 

a. Up draught; 
h, Down draught. 



3. Combined up and down draught. 
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In the pretaure »gatem, 

the air required for the gener- 
ation of tke gas is delivered 
to the gas i>roducer under 
pressure derived from an 
auxiliary source, and the gas 
generated in the producer is 
delivered to the engine under 
the same pressure. 



The up draught pressure 
producer is used ittmcipally 
with bituminous coal. 



The doten draught preS' 
sure producer has not 1:>een 
introduced into conunerdal 
practice because of the com- 
plicated feeding devices. 



Moreover, whenever fuel is 
changed or stoking is neces- 
sary It interferes with the gas 
prdiduction and causes irregu- 
larity in the operation. 



!l 



In the auction agatent, 

both the passage of the air 
through the producer and the 
introi^ction of the gas gener- 
ated therein into the cylinder 
of the engine is df ected by the 
sucking action of the piston 
during its forward or charging 



coke the up draught suction 
producer is used and may be 
* a standard tj^. 
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Fig. 2,902. — Morgan pressurd up draught producer with Geor^ automatic fe«d. In eoi^ 
itnictiou the Bteel Bhell ii coDtractfid toward the bottom tidge» which exteDda into a wate^ 
filled ask pan formed as a depreuion in the foundation. The Bbell is supported by four 
coat iron feet resting on the concrete floor eutrounding the aah pan. About three feet abov* 
the water level in the aahpan a number of ai^ht holes are provided anund the circumference 
of the produceT for observing the fuel level and combustion. Tha producer top is covered 
by a shallow thick steel pan filled with water. Through a central opening the automatic 
feeding apparatus communicates with the interior of the producer. Poke holes closed by 
water sealed covers are placed around the circumference of the pan. The blowing ifffiTiM 
CDQSista of one centra] tuyere with mushroom shaped top, which, rinng from the ash pan, 
distribute* a miituie of air and steam unifonnly over the interior of the producer. The 
blast ia controlled by an injector . constructed to give the proper proportion between steam and 
air at all pressures. In small planta it ia preferable to have the steam supply to the blower 
under the direct control of the operatorat the furnace, who is able to judge the quantity ol 
gaa which at any time may be required , The make of gas is entirely controlled by adjusting 
a 1' steam valve. The conllnuau) aatamatle /fdlng dtnice conaatB of an inclined 
slowly rotating water cooled feeding spout, designed to continuously feed over the entire 
■ujface of the fire- In operation, the layer of ashes should extend to a height of about 

si^it holes in the shell. Thus the tuyere ia surrounded by ash and protected from the heat. 
Ahoiixontol layer of incandescent coal from 2 to 3 ft . thick eommencea at the level of the sight 
holes. In tfaenpperlayersof the cool a somewhat lower temperature prevails. The amount 
of itaun laqolmd is from 33 to 10% of tha wei(^t of the fud gasified. 
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The down draught suction producer is adapted to various bituminous 
coals, and also low grade fuds as lignite, various woods, refuse, bagasse, 
coke, charcoal of the lower grades, and peat. Due to the down draught 
principle, the gas leaving the generator is clear and free from all heavy 
hydrocarbons, which, after distillation, are tnuken up into fixed gases by 
being drawn through the incandescent fuel bed. 



I and 2.904. — Hilger charging hopper, fn OJierat Ion coal Eoay 
n' by opening Jiopner valvE slightly as in fig. 2,9D3, ot toward tl 
valve wide as in fi«. 2.904. 



ados, the 



Although the pressure producer is usually composed of more cumbrous 
apparatus, and requires more space for its installation, it possesses greater 
etestidty than the suction system for meeting variations in fuel conditions, 
and has greater capacity for utilizing different kinds and dieaper grades of 
fud. It is undoubtedly the better for use in connection with laige power 
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unite, and in cases where several gas engines are operated from the same 
producer plant. 

On the otber band, for isolated ^ants of small capadty, or where only a 
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Pig. 3»00fl--'-Hogbes water cooled poker. Ilie poker is ■oipeoded from ibt cover of tin 
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: fuel cofuUntly, rainjpDS btA and 
point of the paica dociibea ■ MiiM 
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How a Producer Operates,— Fig;. 2,907 shows a section of a 
typical producer of the pressure type using anthracite coal. 
The incandescent fuel is supported upon a bed of ash, this rest- 
ing on a revolving table, A, which is larger in diameter than 
the bosh, B, the ashes forming a natural slope of about 55**. 
As they are formed, the ashes fall into the sealed ash pit, C. 

In regular operation, the line between the ashes and fuel is Irept about 
aix inches above the cap D, of the central air pipe E, so that the fire comes 
into contact with the brick lining only, all iron work being kept away from 
the heat. This height is maintained constant by grinding or revolving the 
ash table once every 6 to 24 hours according to the rate of working. 

The blast is usually furnished by a steam jet blower, but a fan t^ower 
may be used if more conveiiient, a small steam pipe being run into the verti- 
cal air pipe to supply the steam required for softening the clinkers and main- 
taining the proper temperature of the producer. This producer is equipped 
with a continuous automatic feed device F, which consists of a receiving 
hopper G, surmounting the main storage magassine H, the communication 
between the two being regulated by a horizontal rotary register J, operated 
by a lever. The distributor plate K, is suspended below the main magazine, 
and is supported by a steel shaft L, which passes upward through the storage 
cylinder. Both the hood of the distributor plate and the inverted conical 
base of the magazine are water cooled, thus facilitating the discharge of 
strongly caking coals. The receiving hopper is rotated by means of a worm 
wheel and worm attached to the upper end of the shaft, and the distributor 
plate is revolved through the radial arms and hub of the receiving hopper, 
which are also keyed to the shaft. : A hand wheel nut on the threaded end of 
the axis aflFords the means for adjusting the distance between the distributor 
plate and the coal reservoir. This adjustment, together with the variable 
speed secured by means of the step cone pulley M, permits of a ready control 
of the rate of coal discharge. 

Pressure Gas Producer System. — ^As shown in fig. 2,909 a 

pressure gas producer system usually consists of ^the following 

parts: 

A small steam boiler ^ A, for making steam and producing the 

necessary air pressure; a gas producer , B, equipped with a con- 
tinuous feed arrangement; an economizer ^ C, with superheater 

NOTE. — Demands for gas fuel are becoming more and more ntmierous and producer gas, 
because of its evident advantages, is surely supplanting other gases for industiial use. Coal or 
coke suitable for use in gas producers is easily obtained and the plants for gasifying these fuels 
are simpler in operation and less costly for installation and maintenance than the plants for 
gasifying most of the other fuels which have been used for gas making. Any gas supply to be 
satisfactory to the present day manufacturer must be efficient and dependable. Variations 
in the quality of the gas and fluctuations in the supply of gas both cause trouble. Hence it is 
highly desirable that a gas making machine shall produce gas of uniform quality steadily 
day after day. Such performance can result only from the following of correct mechanical 
onndples and the use of excellent materials in the construction of the producer. 
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and wash box a scrubber, D, a purifier E. The details of the 
several parts may be considerably modified to suit varying 
conditions. 

For instance, the boiler may be omitted 
in cases where steam is procurable from 
any other convenient source, or, in some 
cases, the separate steam generator may 

be absolutely unnecessary. 

For smaller equipments, or those 
suitable for operating engines ranging in 
power up to 600 horse, single producer 
are con^dered sufHdeiit. 

Larger equipments should be provided 
with two or more producers, the general 
design and arrangement of which may be 
varied to suit the local conditions. 

In operation, the gases generated in 
the producer enter the superheater and 
economizer. In the economizer the ah- 
blast o( the producer travels in a direction 
opposite to that of the blower, and the gaa 
passing through the wash box deposits a 
large portion of its extraneous suspended 
matter. Here also is located the seal or 
non-return against the gases stored in the 
holder and present in the other parts of 
the system. 

From the wash box the gas enters the 

scrubber, in which it travels against sprays 
of water through compartments tilled 
with coke and is still further purified by 
the removal of any tarry substances, 
sulphur, or ammonia which it might con- 
tain, prior to its introduction into the 
purifier where the purifying operation is 
completed. 

From the purifier the gas passes into 
the holder which stores up a supply 
sufficient for starting and for runnmg 
several minutes, its chief purpose being 

the regulation of pressure r""* ' '' 

in the consumption and mi 
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Pic. 3,910.— Chapman premre up draught aemi-mechkoieal producer. Its chief feature is 

driver.' The vertical ahaf t of the agitator is provided with fl, special diivintt head , having two 
iaige flciew-like spiral flaDges. These flanges engage in sliding contact with two iugs pn>- 
jecting inwardly /rom theliub of the driving wheel. Nnrmairy the Vfheel and agitator re- 

rSJ^a™no"ing°o*ut sediment' 'Tf"^crK^. s'team^'Suld^beTsed fo™blowi'i^mt. ThS 
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Pio. 9,V13. — TrMt maduHuol n* producer. In eonttructlon tba nuiduaay Ii attulud 
dinctlr to ths ^btU of the pnouor nuldng ft aeU conUiiiad unit. Two poksn mn ttwd for 
MJrrinc the tmi, thsM kctuw at intervkli lA ball U> thnv-quarten of ut hoar •ttstnately 
entering thzouflh the ilde wuta, at diacooally oppoeita comen. ilice throng tbe fire ta a 
bonioiilal ptam. the oombioed eAeet e( the two being to map throogb and cover wacUcally 
the entire workuw area en cloeed within the linmy walla in a ainsle morenunt. The nxWe- 
meot ia eomplaledoouicident with the oomplete withdrawal of the poker to a porition oatnde 
the producer, where it remaina at reit till it ia time for it to repeat the movement, iriiich 
oocupyinc but baV a minute, no time i* afforded for it to set ted hot, and hence no ^lecial 
arranflementi are required for keeping it cool. Aa will beieen, thepoksrllideainandotttof 



mflementi are required for keeping it cool. Aa will beieen, thepoksrllideainandotttof 
producer through a large water cooled ball which rotaMa in a •ocket fixed to the lliell td 

J — J lervea ai a fulcnun upon which it awingaaait ilidee, the outer em* ^-i-- 

r path by a crank having a large radioa, tba inner end ia cauiad to d 
inown, irtiich practical^ coven half of the worldng area of the pi 



tile produceTf and lervea ai a fulcrum upon which it awinga aa it ^idee, the outer end 
earned in a circular path by a crank having a large radioa, tba inner end ia cauiad to da 
the peculiar figure inown, irtiich practical^ coven half of the worldng area 
aamentioiied above. Sinoe tba critth may be revolved in either direction, thai 
be revaraad at intervala to egpaliae tha ***"'^"*g of the poker, otharwiae. to «^anj um coai 
tooneiideof theproductr. The crank actioQ it effected b/ a heavy corrugated inteiiial gear 
wheal hiving a cnmk pin joumated In a biacket fixed to its lim, to the lower end at <Aidi 
the end of the poker ia looealy coupled, one complete revolution of thii wheal preduoei ona 
movemeat of the poker, the lamo oaing driven by a ^ar and clutch mechanim aaalagoue 
to that employed m punching machinery, the wheel la eet in motion, by an automatic trip 
gear, which baa a time control, is automatically itopped by a cam fixed to ita rim, which at 



automatically stopped by a cam fix 
the aame time aeta the tripper. The pakpra are iorm»} c£ plain re 

and except for a hole dnlled in one end. and a apiral groove cut in theu- huiiuv, »to nub ma- 
chined. In optraUng, following a poker movement, when the driving crank cornea to rest, 
tha mnar end of thi poker which remaini resting in the water cooled ball, keeping the opening 

the ball. AithepokeTiailandingforeightypercentof the time outside of tba producer, and 
In a poaition eaaily acceaiible. it ii easily and quickly uncoupled from the crank pin by 
Bimply pulling a pm; a ationg laborer, unaided, being able to effect a chaoga of pokei* in a 



GAS PRODUCERS 



oaj FrL::,zvc£ES 



GAS PRODUCERS 



system, A, represents the pro- 
ducer ;'&, the evaporator, -C, the 
scrubber; and D, the receiver. 
The operation of the system 
may be described as follows; 

The gases generated in the pro- 
ducer pass through the evaporator, 
which is practically a small multi' 
tubular boiler, and furnish the sensi- 
ble heat required for evaporating the 
water. The resultant vapor is con- 
ducted to the ash mt of the producer 
through the pipe £, by the sucking 
effect in the producer, while the gas 
passes from the evaporator to the 
scrubber filled with coke. 



As the gas rises through the inter- 
stices of the coke, the washing water 
descends and not only takes up and 
removes the dust brought over by 
the gas, butalsoclears it of ammonia 
and other impurities which have a 
tendency to combine readily with 
water. From the scrubber the gas 
passes to the receiver or suction box. 



The diameter ot the receiver being 
relatively' much larger than that of 
the suction pipe of the engine, the 
strokes of the engine piston do not 
therefore cause pulsations between 
the receiver and the producer. 

The producer is usually provided 
with a charging hopper capable of 
holding enough fuel for several 
hours' operation, in the smaller sizes, 
and allows the admission of fuel to 
the combustion chamber without 
permitting access of air thereto dur- 
ing the charging operation. 
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_ n supplied by means of a hand 

jr belt-driven fan, F, The poor and lean gaa produced at starting ia first 
allowed to escape into the open air through the vent pipe, G, until the test cocic 
shows that godd gas is being produced. The pipe, G, is then closed and the 
scrubber and receiver are brought into the gas circuit. The engine is now 
put in operation and as it thereafter performs the function of the fan, the latter 
IS stopped, the operation of the entire system becoming automatic. 



Tic. 2.819. — Detail of Otto encine cylioder, valve sear side, in operation, TphenSHfalinc la 
iMed, It ii ddlvered by Uie gasoliae pump drivco bi an eccentric on the <Ue ■haft, into the 
Sland pipe, from which It onvitatci M the guollnf valve A, which ruulale* tht auanllty 
of saaoline and the time o( Itt admlaaloD, w as to supply aucomattcatly the fopa taixtiire irf 
ait and (as acCDtdiiu to the reqiilrementt of the varying load. The valve A. is operated by 
the cam B.oDthesldeBhaTtCttiecamactuatlntarockef ahaftD-tbeloweTBtmotwhichla 
fitted with a toot plo which cairlei the Eaaollne roller E. This roller has a free laierBl ntove- 
ment which Is governn] by Ihe vertical arm of the belfcrank F. connected with theiovemor 
a very sKght movement of which is aufliclent to pbce the lollei in ot out of etngement 
with the cam on the ihaft. TheiDeedoftheenBbelaregiilatedbylhegovernorwhioEchaniieB 
the position of the BasollDe roller. lo that the fuel ii admitted only when the speed Is normal 
or slightly below it. The governor Is of the fly ball nrelghted type- Ignition is effected by 
an electric spark, the igniiei being operated by the igniter lever G, actuated by the side shaft. 
The electrodes of the Igniter are tipped with platinum, and the current Is derived from a 
inlmary battery. 

Producer Gas Engines. — It should be noted that engines 
which have been designed to operate on gasoline fuel require 
modification before they will be suitable for operation on pro- 
ducer gas. First the valve areas will have to be larger, due to 
the necessity of taking in lai^ quantities of a weaker gas, and 
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second, a higher compression will be necessary and advisable 
for best economy. Compressor pressures according to Durand 
of from 150 to 180 lbs. should be used. 

Rated Capacity of Standard Sizes and Space Required 

Akerltmd Type B Gas Producers 





Rated Capacity 






Space Required 






No. 




















Horse 


Coal per 

hour (lbs) 


A 


B 


c 


D 


E 


F 




Power 














2 


25 


40 


18'4)' 


12'-9' 


6'-3*' 


10'-6' 


12'-0^ 


17'-0' 


5 


50 


75 


W-Q" 


13'-9' 


6'-9' 


10'-6' 


12'-0^ 


17'-0^ 


7 


75 


115 


21'-0' 


14'-6*' 


7'-3*' 


10'-6' 


12'-0^ 


17'.0^ 


10 


100 


150 


22'4)*' 


15'-0^ 


7'.6' 


10'-6' 


12'-0^ 


17'-0^ 


15 


150 


225 


23'-3*' 


16'-0^ 


S'-O-' 


lO'-e-' 


12'-0^ 


17'-0^ 


20 


200 


300 


25'-0-' 


17'-0-' 


S'-O" 


ll'-6^ 


12'-6' 


18'-0^ 


25 


250 


375 


26'-0'' 


n'-o-' 


8'-9^ 


11'^^ 


12'.6^ 


IS'-O-' 


30 


300 


450 


28'.0-' 


IS'-O-' 


9'-3' 


11'.6^ 


12'.6' 


18'-0^ 


35 


350 


525 


28'-6-' 


lO'^*' 


9'-6' 


11'^^ 


12'-6' 


18'-0' 


40 


400 


600 


30'-3*' 


20'.0^ 


10'-^' 


12'-6*' 


13'-6'' 


18'-0' 


50 


500 


750 


33'-0^ 


2r-3' 


lO'-e*' 


12'-6*' 


13'-6-' 


20'^' 


75 


750 


1125 


36'-9^ 


22'-9^ 


ir-6' 


U'-O*' 


U'-e" 


22'-0' 


100 


1000 


1500 


42'-3' 


2^'^" 


12'-3*' 


15'-0*' 


14'.6*' 


24'^» 



NoTB. — M^ehanieai Berubben* The objection to mechanical Krubblng is that it ii not 
poaitive. A producer depending upon mechancial apparatus for delivering clean gas ceases to 
deliver clean gas as soon as the mechanical parts become inefficient. Inefficiency will result 
from reduction in speed or failure to clean out the apparatus at the proper time. Granting 
that the mechanical scrubber will deliver cl«tn gas when in perfect condition (which has not 
been proved in actual practice with all fuels), it is perfectly clear that such apparatus is liable 
to become ineffective at times due to the slipping of a belt, the burning of a fuse, failure in 
water supply, clogging <^ moving parts, or any one of the mincM* mishaps which may 
occur in the course of actual operation. Whenever this happens, dirty gas goes over to the 
engine or to the pipe connections and causes the troubles which the mechanical scrubber is 
supposed to prevent. As recovered from the mechanical scrubber, tar seldom has a market 
value as a by-product, and, even in the rare cases where there is a demand for marketable tar 
at a profitable price, the tar removed from the gas usually has to be treated before it can be 
sold. Therefore, mechanical scrubbing equipment for bituminous fuel cannot be considered 
reliable or effective. Moreover, the power required for driving the mechanical scrubber is 
excessive and this reduces the overall efficiency of the i>\a.nt,Standard Co, 

Note. — Doubie xofie giroducer; Machines of the double zone type, or those which 
introduce draft from above and from below, must confine themselves to a limited field, because 
they cannot be recommended for simplicity and ease of operation, and because there are many 
f ueUi which will not behave properly in this type of apparatus . There is no way for the operator 
to tell which zone is doing the work. When the upper zone cools off. or when the fire drops to 
a lower level, tar goes over with the gas and the producer becomes for all practical purposes a 
simple updrait producer. The labor of operation is hard^ skilled labor is required, and the 
equipmeiit is both cumbersome and exi)ensive. 
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Pig. 3,924.— Smith brpe F, tar ex- 

tracUn. tnopTMi>n,tb»-pK>iatia 

■u iKUtMB7 coolsd In tba primwr 

GondMuwv snten the louuy es- 

hanitet B, which ddiren it tmdcc 

two or thne pouoda pnssun to the 

gu main C. The gas then neinrn 

thiougb tha mat <A dan wool B, at 

bigb vclociw and wioi a drop in jof 

urn of one-half to two pounda. The 

law sas m teiinc the nut of glaaa wool 

contauiatbe t«f uthe form of a foe. 

tbera beinE milliofu of partkles of tba 

tar percublc inch of Aa ui. In ite 

paaaaae throDBh themat a glasa wool 

a peculiar ehanse occun , the partidea 

I in Oie tar fos becoming ac^omnated 

I into lane diopi. Thoe tall oat of 

the gat Dy sravity into tlie tap O, 

and Che deened gaajnaata to the djatiibuting ayatem. Tha tax aitractor is in no senie a fitter. 

The tor ii lemoved fiom the gu and collected a> docribed above, no depoaitedtu' remaininB 

in the mat of glaa wool whwE atari acrviceable continumiily. The advantasei over mecbait- 

i^_* _^_Ai_T__ ._^_^ -'--niieaa, leia power and water required and easier ^fTiHUng cd tar 
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INDEX, 38,000 

Fic. S.OST.— ^cnr to n*d a em motor. Badk lumd movM In ft diSaraat diraction u indi ot aj 
br ths amnn. Read tha fiinKa Iktl IMt hamdt kant uftiajfy >aji«{. beabuunc with tha dkl 
atthalaft.andaddtiradpluntatbaTi^ofthanadinc. Sabtiact thalaat mooth'i nadiac 
&Ma tts atwra iadu and the diBnaDca will ba tba gai mad to data. 
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NOTE .—Continued^ 

take 1^ lbs. of coaI per A.^.-hoor as a fair average and 10 lbs. of coal per hour per square foot 
of internal fuel bed cross section, with 9 in. of r^ractory lining up to 100 h.p, and at least 
12 in. of lining on larger si2es, the generator will give good gas without forcing and without 
excessive heat in the zone of complete combustion. A 200 h,p. producer on this basis con- 
sumes 250 lbs. of coal at full load, and at 10 lbs. per sq. ft. interxial area 25 sq. ft. will be neces- 
sary. With a 12 in. Uning, the outside diameter will be 92 in. Practice nas shown that the 
depth of the fuel bed should never be less than the inside diameter up to 6 ft.; above this size, 
the depth can be adjusted as experience indicates the best working results. Assuming for a 
200 h.p. producer 18 in. for the ash pit below the grate, 12 in. for the thickness c^ the grate 
and the s^es to protect it, 68 in. depth of fuel bed, 24 in. above the fuel to the gas outlet, the 
height will be 10 ft. 4 in. to the top of the generator; above this the coal feeding hopper, say 
32 m. high, is mounted: this makes the hei^t over wl 13 ft. The wet scrubber of a gas pro- 
ducer should be of ample size to cool the ^as to atmospheric temperature and wash out most of 
the impurities. A good rule is to make its diameter three-fourths that of the inside diameter 
of the generator and the height one and one-half times the height of the generator shell. For 
a 100 h.p. producer, 4 ft. inside diam., the wet scrubber should be 3 ft. inside diam., and if 
the generator shell be 8 ft. 6 in. high, the scrubber should be 12 ft. 9 in. high. When filled with 
the proper amount of baffling and scrubbing material (coke is commonly used) , the scrubber 
will have space for about 30 cu. ft. of gas. A 100 h.p. gas engine using 12.000£.^M. per h.p.' 
hour will use 160 cu. ft. of 125 B.i.u. gas per minute. The wet scrubber will therefore be 
emptied 5^ times every minute, and would require about 8H gallons of water per minute: 
if the diameter of the scrubber were reduced one-third, the volume of water necessary to cool 
and ctcrub the gas would have to be doubled. Gas must be cooled below 90** F. to enable it 
to p^ive up the impurities it carries in suspension, and even lower than this to condense its 
moisture. A separate dry scrubber with two compartments should always be provided and 
the piping between the two scrubbers so arranged that the gas can be turned into either part 
erf the dry scrubber at will. The dry scrubber should be equal in area to the inside of the 
generator and the depth of each part should be sufficient to accommodate at least 2 cu. ft. of 
scrubbing material and give 1 cu. ft. of space next to the outlet. Oil soaked excelsior is a 
good scrubbing material and should be packed as closely as possible. — F. C TryoHt Power ^ 
Dec. 1 . 1908. 



NOTE. — The be&t coal to buy for a producer in any locality is that which by analysis 
or calorimeter test shows the most heat units for a dollar, it rarely pays to buy gas coal unless 
it can be had at a moderate cost over the ordinary steam bituminous grade. For very his^ 
temperature melting operations a fairly high percentage of volatile matter is necessary to give 
a luminous flame and intensify the radiation from the roof of the furnace. Preelv burning 
gas ooals are the most easily gasified, and the capacity of the producer to handle these coals 
IS twice as great as when a slaty, dirty coal, high in ash and sulphur, is used. It is usually 
best to use "run-of-mine" coal, crushed at the mine to pass a 4-in. ring. It never pays to 
use slack coal, for it cuts down the capacity by choking the blast, which has to be run at high 
pressure to get through the fire, overheating the gas and lowering the efficiency of the pro- 
ducer. There is always a certain amount of COt formed, even in the best practice; in fact, it 
is inevitable, and if kept within proper limits does not constitute a net loss of efficiency, espe- 
cially with very short gas flues, because the energy of the fuel so burned is represented in the 
sensible heat or temperature of the gas, and results in delivering a hot gas to the furnace. The 
best result is at about 4 % COs, a gas temperature between 1,100** and 1,200° F., and flues less 
than 100 ft. long. The amount of steam reqmred to blow a gas producer is from 33 % to 40 % 
of the -weight of the fuel gasified. If 30 lbs. of steam be called a standard horse power, we have 
therefore to provide about 1 h.p. of steam for every 80 lbs. of a>al gasified per hour or for 
every ton of coal gasified in 24 hours. In the original Siemens air blown producer about 70% 
of the whole gas was inert and 30% combustible. Then with the advent of steam blown pro- 
ducers the dilution was reduced to about 60%, with 40% combustible. Now, under the sys- 
tem of automatic feed, uniform conditions, perfect distribution and adjustment of the steam 
blast here presented, we are able to reduce the nitrogen to 50% and sometimes less. In the 
best practice the volume of gas from the producer is now reduced to about 60 cu. ft. x>cr pound 
of coal, of which 30 cu. ft. are nitrogen. These volumes are measured at 60° F. The tem- 
perature of the gas leaving the producer under best modem conditions is about 1,200° F. It 
can be run cooler than this, but not much, except at a sacrifice of both quantity and quality. 
At this temperature, the sensible heat carried by the gas is 1,200X.35 (average specific heat) 
*»^20B.t.u. per pound. As one pound of good gas is about 16 cu. ft. and carries about 16 X180 
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■■2,880 heat units at normal temperature, we see that the sensible heat carried away repre- 
sents about one-seventh, or over 14% of the combustive energy, which is much too larie « 
percentage to lose whenever it can be utilised by using the gas at the temperature at wfaidi it 
is made. Capacity of produeen. — ^The capacity of a gas producer is a varyincr quantity 
dependent upon the construction of the producer and upon the quality of the coal sappUed to 
it. ^ The pomt is, not to push the producer so hard as to bum up the gas within it; also to 
avoid blowing: dust throuc^ into the flues. These two limitations m a well constructed auto- 
matically fed gas producer occur at atxmt the same rate of gasification, namely, at about 
10 lbs. per sq. ft. of surface per hour with bituminous coal canying 10% of ash and l^i % of 
sulphur. With gas coal, having high volatile percentage and low ash, this rate can be safely 
increased to 12 lbs. and in some cases to 15 lbs. per sq. ft. At 10 lbs. per sq. ft. the capacity 
of a gas producer 8 ft. internal diameter is 600 lbs. per hour, which with gas coals may be in- 
creased to a maximum of about 700 lbs. It frequently happens that the cheapest coal avail- 
able is of such quality tiiat neither of these figures can be reached, and the gasification per 
sq. ft. has to be cut down to 6 or 7 lbs. per hour to get the best results. FluM.~-It is neces- 
sary to provide large flue capacity and to carry the full area ri^t up to the furnace ports, 
wfaidi latter may be slightly reduced to give the gas a forward impetus. Generally spealdxis* 
the net area of a flue should not be less than Ui of the area of the gas malring surface in the 
producers supplying it. Or it may be stated thus: The carrying capacity c» a hot gas flue 
IS equivalent to 200 lbs. of coal per hour per sq. ft. of section. I*oss of.anmryy Ire a ptm jnv 
ducmr, — ^The total loss from ul sources in the gasification of fuel in a gas producer under 
fahiy good conditions, when the gas is used cold or when its sensiUe heat is not utilia^jraiiged 
between 20% and 25%, which under very bad conditions may be increased to 50%. The lorn 
under favorable conditions, using the gas hot, is reduced to as low as 10%, which alio incHidet 
the heat of the steam used in blowing.^Jf or; aw ConstnuHon Co, 
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CHAPTER 60 
AEROPLANES 



An aeroplane may be defined as a heavier than air flying 
machine; it consists essentially of: 

1. A body or frame (ill advisedly called fuselage or nacelle*) 
which carries 

2. The power plant, passengers, etc., and to which is at- 
tached 

3. The landing gear, or under carriage, 

4. The wings (planes) and 

6. Control devices. 

In order to understand the text, the following definitions of 
terms used in connection with aeroplanes should be understood: 



Definitions 

Aerofoil — ^A liftihg surface or wing. 

Ailerons — Movable hinged surfaces for control of rolling or hanking. 

Air pocket'^A local movement of the air causing an aeroplane to drop. 

Angle of incidence— The angle at which a wing is inclined to the line of 
flight. 



♦NOTE. — ^The practice of introducing foreign terms in place of plain English cannot be 
' too strongly condemned. There is no sane reason for such practice, in fact it reflects an 
egotistiNU desire to display a knowledge(?) of some other language. 
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Bank — To tilt sideways in 



Bodo — The main frame of an 
aeroplane which covers the power 
planes and operator, and to 
which are attadied the wings, 
landing gear, etc. 

Body skid — Flexible support 
usually placed in front of the 
landing gear. 

i Camber— The depth of the 
^ curve given to the surface ctf a 
I wing; curvature. 

■^ Chord — Distance between the 

^ entering ei^e and trailing edge 

S of a wing measured on a straight 

^" line touiiing front and rear bot- 

^ tom point of a wing. 



g Control braces — Steel struts 

u on the controls to which the con- 

S trol wires are attached. 

.ft Controls — Devices used for 

■? operating the adjustable surfaces 

■| and for regulating the movements 

a ' of the machine in flight. 

S Critical onyle— The steepest 

*■ angle that can be assumed bj; an 

I - aeroplane for a given speed with- 

I £ out loss of control. 
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Decalage — Difference in angle of incidence between any two distinct 
aerofoils. 

Dope — ^Preparation for. treating the doth surfaces to produce tautness 
and to maintain air and moisture tightness. 



Draff — ^The total resilience overcome by the thrust of the propdler. 

Drift — An objectionable term for the horizontal component of the force 
le to the air striking the indii 
to push the machine backward. 



due to the air striking the inclined surface of the win^ and which tends 

ba< ' 




Drift wire9 — Horizontal wires leading from the nose of the frame to the 
wings to prevent collapsing toward* the rear. 

Elevator — ^A hinged horizontal control surface acting to lift or depress 
the t£ul of the macmne. 

Pairinff — ^Building up a member or part with a false piece to give it a 
stream line. 

Fineness ratio— The fore and aft length of the body divided by the 
greatest width across the wind. 

Flaps — ^Hinged horizontal control surfaces cut out of the wings. 

Flying wires — ^Those supporting the body when in flight. 

Fuselage — ^A term sometimes used for body. 

Gap — ^The distance between the upper and lower wings of a biplane. 

Gliding angle — ^The angle of inclination assumed by an aeroplane jrhea 
descending with power shut off. 

Hangar — An aeroplane shed. 

Horizontal An — ^The horizontal fixed tail plane. 

Horizontal stabilizer — The horizontal fixed tail plane. 

Horns — Steel struts on the controls to which the control wires are at* 
tached. 

Joy stick — A control lever operating the controlling surfaces, usually 
the wing flaps and elevator. 

Landing gear — ^The wheels and supports for landing. 

Landing wires — The single wires supporting the weight of the panels 
when landing or on the ground. 

Leading edge — ^The front or entering edge of a plane. 
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Ltft — The vertical component of the pressure ci the air acting on the 
inclined smiacee of the wings and which tend to lift the machine. 
Longerona — The fore and aft members of the body franiework. 
Longiludinalt — The fore and aft members of the body framework. 
Monoplane — An aeroplane having only one lifting surface or pair of 

JVoae dife — A dangerously steep descent. 

Outrigger — The framework connecting the main surface with an elevator 
placed in advance of it. 
Pancake — To stall. 



1. — BuTffeBB puAher observation biplajie' A machine desianedfoT mediuin apE«d with 
__:^... : ^(.ity. The oh ■ '—-•-J ~ ' — - -' •'-- ~ — — ■ 



nsrnl tPBclScatloiU! apsn 45 ft.; length ot 
i. 920 lb*.; sp«d, muimum, 84, i '-' 



power, 110; live load. 930 Ibi.; speed, muimum, 85, minimum, 17 milu per hour; 
IS capacity, 2; fuel, enough fai 4 boun. 



Panel — A section of the wings. 



Planet — The main supporting surfaces of an aeroplane. 
Pitch — To plunge nose down. 
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f laher— A rear drive aeroplane; one that is pushed instead of puikd 
through the air. 
Fylon — Any V-shaped construction from the point of which wires are 

Rib — Framework members transverse to the spars. 

Soil — To turn about the longitudinal axis. 

Rudder — A hinged surface giving lateral control, the same as a ship's 



„ , _, J> broaden their aoope of 

pleuun by Bying, General ipeclHcationti span, 53 ft.; length sll over 25 ft. 2 inchw; 



SUie slip — To fall due to excessive bank or roll. 



Spread — The distance from tip, to Up of the wings. 
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Stability — The pzx>perty of an aeroplane to maintain its direction and 
return easily to its equilibriimi against distiirbing conditions. 

Stabilizer — ^A surface, such as a fin or tail plane designed to give in- 
herent stability. 

Stagger — ^The horizontal distance that the entering edge of the upper 
wing is ahead of the entering edge of the lower wing. 

r 

Stalling — ^Loss of control in assuming angles of incident greater than 
the control angle. 

Stream line — The shape of a body or part which presents the least 
resistance to the wind. 

Struts — Members used to take pressture or compression. 

Tail — The rear surfaces of the machine. 

Tail skid — ^Flexible support under the tail. 

Toes — ^To plunge tail down. 

Tractor — ^A front drive aeroplane; one that is pulled instead of pushed 
through the air. 

Trailing edge — ^The rear edge of a plane. 

Undercarriage — ^The wheels and supports for landing. 

Vertical fin — The small vertical fixed plane in front of the rudder. 

Vertical stabilizer — ^The small vertical fixed plane in front of the 
rudder. 

Volplane — A gliding descent. 

Wash — The disturbance of air produced by the flight of an aeroplane. 

Wash in — ^An increasing angle of incidence of a wing surface toward 
its tip. 

Wash out — ^A decreasing angle of incidence of a wing surface toward 
its tip. 

Warp — ^To distort a controlling surface. 

Wing bars — The longitudinal spars of the interior wing framework. 

Wings — The main supporting surfaces of an aeroplane. 

Wing skid — Flexibility support under the lower wing. 

Wing fipr— The right or left hand extremity, of a surface. 
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Pigs. 2.949 and 2,950.-7Plan and elevation of a biplane frame showing construction. In fig. 
2,949 the lower wing is not shown for clearness. 
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Here is seen the lower and upper longerons which may be compared to 
keelsotis and clamps in boat construction. Cowiectiiie the u[q»er and 
lower longerons are upright struts, each pand thus fonued bt^ag braced by 
diagonal or cross wires. 

At the rear end or tail is a pMt, eiactly similar to a Stern post in boat 
construction, ejicept that ii projects downward below the frame and has 
invoted at its end the tail ikid, which cushions the ahodc in landing. 

The longerons terminate in front at the radiator, the construction being 



^ile. 



strong as the engine is placed just back of the radiator as in an aub> 



NOTE. — Nftiun of wood ondu itreu. Wood, for iU might, talas the ■tnu of compm- 
non tar better than aoy other itniB. For instance. ■ mlldnc itick of lew than 1 pound in 
weight, if held perfectly straight, will probably stand a compression strew of over 1.000 pounds 
before crushing, whereas if the same stick be put under a bending strcaa. it will probably collapse 
under a stress of. say 60 pounds. Heace, in aeroplane cooitruction the design is such as to 
bcp OS far as possible the wooden compression members in direct compression. 
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On each side of the frame, just bock oi the engine space, and fastened to 
the upper and lower longerons are fore and aft struts to which the wings 
are attached. These struts are made r^d by cross, and fore and aft 
diagonal brace wires. These four struts are attached at the top to the 
center wing section. 

Attached to each lower longeron are three Struts suitably braced forming 
the landing gear or under carriage which carries the wheels upon which 
the machine rests when landing, or not in flight. 



The illustrations show a two seater, the cockpit openings beii^ seen 
above the upper longerons and the floor beams between toe upper and 
lower longerons. 

Various details in the construction of the frame are shown in the accom- 
panying figures. 
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Fig. 2,[I54. — Reir eod or tail of frams (howing leu poM aod 
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The Wings. — Aeroplanes may be classified according to the 
number of pairs of wings provided, as 

1. Monoplanes, 

2. Biplanes. 

3. Triplanes, etc. 

The terms are self-defining, referring to machines having 
respectively one, two, and three pairs of wings. While the 
monoplane is the most efficient type, the biplane is considerably 
stronger, and is the standard type, except for very large machines 



Fics. Z.9E6 and 2.967.— Plat and curved wing surfaces and their effect on the sir. 

which are triplane. The cross sectional shape of the wings has 
much to do with their efficiency. Early experimenters tried 
flat wings and failed because of the air disturbances above the 
wings. Success was obtained by imitating the shape of bird 
wings with curved surfaces . The effects of flat and curved wing 
sections are shown in figs. 2.956 and 2,957. 



AEROPLANES 1,643 

In construction a wing consists of a framework made up of 
two longitudinal members or spars connected with a number of 
light cross ribs called aerofoils, the assemblage being braced 
di^onally by wires and covered with cloth rendered air tight 
by treating with a preparation or dope. The dope acts as a 
filler giving a smooth surface and some degree of resistance to 
deterioration by exposure. 



wire' bracing, location o£ contrQiTiap, with names of [larts, etc. Oo either Bide o£ tbespm 

main ribs are separated and held inrtiape by thin webbing between the outer rihi. this being 
cut full of hales for lightness. The lesdei edge may be s. U-shaped spar of wood, metal or 
veneer, while the resi tisiling edge is generally nire oi small ateel tubing- 
Fig. 2,958 shows the construction of the framework just de- 
scribed with names of the parts and terms relating to wings. It 
will be noted that part of the wing is cut away at the end for the 
movable control flap or aileron, which is hinged to the rear spar, j 
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L 



of wing spar; fig. 2,91 
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Pigs. 2,960 to 2,966 show details of the framework construction. 

On multi-plane machines where one wing is superimposed upjon another, 
the wings are coimected together by struts attached to the wing spars as 
shown in figs. 2,967 and 2,968, and fixed by diagonal wire bracing. In this 





Pigs. 2067 And 2908. — Method of connecting wings by struts and diagonal bracing, illustrating 
the terms chords gap and stagger. 



LCAOiNG EDGE 



TRAILING EOG£- 




Af46LE OF 
INCIDENCE 



Fig. 2069. — ^Wiring main rib illustrating the terms camber ^ chords angle of incidence. 



arrangement it will be noted that the chords are parallel, and that the 
upper wing is in advance of the lower wing, this difference in position 
projected being called the stagger^ also the distance between the planes is 
known as the gap. 

In practice, the best results are obtained bv making the gap equal to the 
chord; if made greater the added length and head resistance of the struts 
and wires, between the planes outweigh the advantages of increased 
efficiency. 



A 
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yfing Gavexing.-~Ot the different fabrics used for covering 
the wings, linen is the most suitable because it is strong, tough, 
and does not easily tear. 

E>ue to the scarcity of linen, woven cotton fabrics are extensively used, 
although they have several disadvantages. They are easily torn when once 
started and we^ IH to 4 oss. per square yard; tensile strength 25 to 80 
lbs. per sq. in. 



stci 

SHOW 
OF A 



Dopes. — This vulgarism is a general term applied to the 
various impregnating compounds used in treating the cloth 
surfaces to render them air and moisture tight, taut and smooth. 
It is claimed that the application of dopes increases the strength 
of the fabric. 
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Dopes are dirided into. two 
classes. 

1. Those made from a 
base of cellulose nitrate or 
pyroxylin. 

2. Those made from a base 
of cellulose acetate. 



la either case the base is dis- 
solved ia a suitable solvent, and 
often substances are addel to 
preserve the flexibility of the aub- 
stiuice and to modify shrinking. 
These substances are analogous 
to camphor in celluloid. 

The difference between cellu- 
lose acetate and cellulose nitrate 
being the inflammabihty of the 
latter. 

On the other hand, the initial 
cost of cellulose dopes is greater 
than the cost of the pyroxylin 

A medium has been struck by 
the manufacturers is using three 
coats of the pyroxylin, andmiish- 
ing oS with two coats of the 
ceUulose acetate. This is a Are 
resisting surface. 



Test panels were made up of 
the fabric stretched on a frame, 
and the dopes above mentioned 
applied. After they had dried, 
this experiment was undertaken. 
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A lifted match was placed oa these panels. In the case of the acetate 
dope, the fabric was not ignited until Uie coating of dope had charred or 
melted. The pyroxylin dope immediately flared up, and set fire to the 
fabric. Therefore, the ceQlulose dope is much safer. 

Spar vamish is sometimes coated over the doped surface. Most dopes 
do not stick Trell on vamish, and to make repairs, the vamish must be 
removed. 

There is one trouble encountered with dopes, and that is the appearance 
of white spots on the surfaces after the wugs have been doped. These 



Flc 2.973 — Speny Bynchroiuz«d d 

In the drift Indicator s apecislly , ,„ . _ „„ .-. 

the ground below, is mounted so that it can be turned about on uis passins vwtiCHlly 
through it. The lelrscope contains several parallel haiia. stretched across flie field of 
vision, which normally rest parallel with the fore and aft line of the aeroplane. Whilo 
in flight, the earth's surface flows so raindly across the field of vision that single objeota 

of this may be obtained hy looking at the ground from a window of a moving train^^ To 
deUrmlne the anale of drift, the telescope la turned so that the parallel haiia are 

degrees the actual angi?of drift,"'"fhe c^pasa is'soconst^ctedThat the lubber line 'can 

for the pilot to make a matheVaticS deduction of'^t™' couise should be. aa be has 
only to move the lubber line through the number of degrees and in the direction mdicated 
on the drift indicator. The indicator is mechanically corrected to the lubber Imea 
shifting mechanism so that the movement of the telescope moves the lubber line thus 
™™w« — any drift. Thus the pilot has his course prescribed for him by the observer who 
le drift indicator, which at the same time moves the lubber )me in the compass. 
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spots occur most frequently with the p)nx)xylin dopes, rather than with the 
acetate dopes. These spots show up. 

Dopes cover 2}/^ to 5 sq. yds. per gal. when applied so as to give a durable 
surface, generally four to six coats. The weight of the dope ranges from 
IJ^ to 35^ oz. per square yard. 

The Control. — ^An aeroplane in flight is subject to three 
motions, the same as a vessel in a rough sea. 

1. Up and down motion; 

In pointing upward or downward, as in climbing or descending, similar 
to the angles, of inclination taken by a vessel in riding a wave. 



N 




Fig. 2,974--EfIect of drift. Point A, 
represents the point of departttre. E, 
is the point to be reached, and AD, 
is a side wind whose velocity com- 
pares with the velocity of the aero- 
plane as AD, is to AB. It will be seen 
from this that although the pilot's 
compass is indicating north, his true 
course is considerably west of north, 
along the line AP, and he will miss 
his objective, E, by many miles. If, 
upon failing to find his objective, the 
pUpt turn about to return to his base, 
it is natural for him to steer south or 
in the direction from which he came. 
This would carry him along a line 
parallel to CP. In cases where it is 
important to arrive at or return to a 
given place, it is not difficult to ai)- 
I>reciate the value of such an instru- 
ment, for determining deviation to 
offset drift. 



2. Lateral motion; 

Due to changing air conditions one wing may tip upward and the other 
downward ten&ig to upset or turn over the machine, just as a vessel rolls 
from one side to the other in a rough sea. 

3. Directional motion; 

The machine may change its course either to right or left, as a vessel 
responds to the rudder. 

Because of these possible motions and in order that the opera- 
tor may control the motion of the machine by causing it to 
assume any desired position it is necessary that there be 




A 
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provided controlling devices for each motion. These are respec- 
tively: 

1. The up and down control; 

2. The lateral or rolling control; 

3. The right and left control; 

These three controls are the movable controls as distinguished 
from the fixed controls or stabilizers. 

The Up and Down Controh—At the upper end of the tail post where 
the upper longerons are attached is a transverse piece placed at right angles 



HORIZONTAU 5TABIUZCR 



FIXED COMTROL 



tLCVATORS 




MOVABLE CONTROL 



H1M6& 



Pig. 2,976. — ^Horizontal stabilizer or fixed horizontal control surface to prevent sensitive response 
to the elevators. If the stabilizer be too large the machine becomes stiff and unduly resists 
the elevator control; if too small, it becomes tricky. In practice, it has been found that a 
stabilizer having an area of 6 to 8 % of the wing area and placed from 2 to 2H chord lengths 
back of the wing gives the best results. 



to the tail post, and to which the up and down control flaps ov elevators are 
hinged as shown in fig. 2,975, one on each side of the post. 

Each elevator has two control arms AA' and BB', connected by cables 
to the arms C and C, the latter being attached to a transverse shaft. 
Keyed to the center of this shaft is an arm E, which is connected to the 
joy stick at F, by the rod G. 

The joy. stick is pivoted at H, to the lateral control shaft, which is free to 
turn in the bearing I, giving virtually a universal joint at H. 

In flight when the joy stick is in the vertical or neutral position N, the 
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elevators are in a plane perpendicular to the tail post and do not tend to 
change the normal flying angle of the machine, - - 

Moving the joy stick fore or aft moves the elevators respectively up or 
down. Thus when the stick is moved forward to position D, the elevators 
are inclined downward to position d, giving an upward pressure on the 
elevators, steering the machine down. Again moving the stick aft to 
position U, d^ects tJtie elevators upward to position u, giving a downward 
pressure on the elevators and causing the machine to point upward. 

Evidentfly if some means were not provided to resist somewhat the 
effect of the elevator control the machine would be so sensitive to the move- 
ment of the elevators as to become tmstable or tricky, hence a fixed tail 
surface caiUed the horizontal stabilizer is provided as shown in fig. 2,976. 
The effect of this fixed surface is to hold the machine in its normal flyine 
anjgle, thus giving inherent stability so that when the elevators are moved 
this inherent stability must be overcome before the machine will alter its 
angle of fl^ht. The madbine is accordingly rendered less sensitive, that is, 
the stabiH:^ tends to damp out oscillations or ''htmting" of the machine in 
responding to the movement of the joy stick. 

The Lateral ConiroL — If in flight any disturbing condition should 
cause the machine to lose its equilibrium in a transverse direction, that is, 
tmequal wind pressures may cause one wing to rise and the other to drop, 
tiie machine would roll over of upset, unless means were provided to over- 
come sudi tendency. Accordingly, each wing is provided with a hinged 
flap near its elevator as shown in fig. 2,977, being so connected to the joy 
stick by cables and pulleys that when the stick is moved to the right or 
left the flaps will be mdined upward on the side toward which the stick is 
moved and daumward on the other side. The gearing between the joy 
stick and flaps i& dearly shown in the figure so that its working is easily 
understood. 

Now, if in flight, the left wings rise and the right wings drop, this may 
be overcome by pushing the joy stick toward the high side (that is, to the 
position marked L in the figure) . This elevates the left flaps causing pressure 
on that side from above, and depresses the right flaps causing pressure 
there from below. The left side then is pushed down and the right side 
up, bringing the machine back in a horizontal position. 

When the horizontal position is reached the joy stick is brought back to 



NOTE. — Warp control* — ^In this method of lateral control, wires pass from the control 
stick or wheel through fan heads, low down on the body, to the rear outer strut of the warping 
secticm of the way. Thereare various ways of attaching these warping wires. Onemelliodis 
to pass the wires through fan leads fitted at the bottom of the rear outer struts to different points 
aloTis the warping section of the top plane. Only the top plane is warped, and may be warped 
along the entire length of the plane or only the outer section. Warp controlled machines are 
fitted with a Compensating wire which is usually placed along the top of the upper plane leading 
from one warp section to the warp section on tiie opposite plane. By this means when one 
warp section is pulled down by the control device, the opposite warp section is pidled up by 
the compensating wire. 
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the vertical or neutral position. With the connection as shown the joy- 
stick is naturally movea toward the side to be lowered. 

Lateral Stability. — This may^ be defined as the sideways 
balance of the machine. There are several conditions which tend 
to turn a machine over sideways, or cause it to "skid *' These 
are: 

1. Excess wind pressure on one side. 

2. Sudden gust of wind not in the direction of the line of 
travel. 

IRAL 



^^yACORAL SKNei^^ 




so CALLED DiNtDRAL AN6LC ^HORIZONTAL LINE. 

Fig. 2,97B. — Indinatiofi of the wings to the horiconUl to secure lateral stabSity.' The di- 
hedral and so called dihedral. 

3. Centrifugal force. 

4 . Propeller torque . 

The means employed to overcome these disturbing conditions 
are: 

1 . Inclined wings . 

2. Variable angle of incidence. 

3. Center of gravity. 

4. Side surface (so caiied keel surface). 

5. Vertical stabilizers. 

Inclined Wings. — To secure lateral stability, the wings are inclined 
upward from the frame to their tips as shown in fig. 2,979, the angle between 
the two wings being known as the dihedral and not the angle which the 
wings make with the horizontal as conveniently and erroneously stated by 
some writers. 
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The effect of inclining the wings in giving lateral stability is shown in 
figs. 2,980 and 2,985. 




AREA LOST IN INCLINATION OF WIMGS 



AREA LOST, BY HIGH WIN6 







OR ZONTAL' Wl 





,985. — ^Inclination of wings: lifting and stabilizing effects. Sin^ the lifting 
I depends on their projected area instead of their actual area, it follows that 



Figs. 2,980 to 2.985. 
power of wings dep 

when the two wings A and B , are in the same plane, their projected area A'.B' » will eqvial their 
actxial area A,B, and the full luting power will be obtained. Now in the case oz indmed 
wings C,D, the projected areas C',D', are less than their actual areas C,D, and their lifting 
power is reduced. Here, C",D", represent the projected areas lost by the inclination, which 
also represent the loss in lifting power. Stabilizing etfects If in flight a sudden gust of 
wind cause the machine to tip to one side, so that the wings assume the positions E,F, then 
the projected area B', is less tha,^ P', the projected area of P, hence the lifting power of P, is 
greater than that of £. which tends to bring the machine back to its horizontal position. 
The solid black area £'', is the projected area lost by wing £, when rotated from tiie hori- 
zontal position A, to the inclined position E, area F, being equal to D'+D". 
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Now when the wings are indined, the effective lifting surface is equal to 
the projected area, and as shown in fig. 2,980, when the machine is not 
inclined to either side, the projected area of each wing is the same, hence 
the lifting force on each wing is the same. 

Now, if the air pressure become greater on one side than the other, as 
by a sudden gust, it wiU raise that side as shown in fig. 2,981. When the 
machine becomes inclined sidewise as here shown the projected area of the 
low wing is increased, and that of the high wing decreased, consequently 
the lifting force on the high side is reduced and that on the low side in- 
creased. 





HORIZONTAL COMPONCMT 
Due TO INCLINATION OF WIN63 

Figs. 2,986 and 2,987. — Inclination of wings causes a side thrust. Let AB, and AC ( =a& 
and ac) equal lift of the two wings , then taking A'B , and AC equal and parallel respectively to 
AB and AC , completing the parallelogram , and draw A'D , the resultant . Since this upward 
jmll A'D, is inclined to the vertical, there will be a side thrust equal to the horizontal com- 
ixment DE, acting in the direction DE, to push the aeroplane sideways. 



These unequal forces will clearly cause the low wing to rise and the 
high wing to descend, thus bringing the machine back to a horizontal 
position. The wings are inclined (to the horizontal) only a few degrees, 
otherwise their lifting power would be unduly reduced. 

Center of Gravity — ^The position of the center of gravity has a marked 
effect on the lateral stability of the machine. 

In order to produce a lateral righting effect the center of gravity should 
be low, just as the ballast in a sail boat is placed low to counteract the 
side thrust of the sails. However, if the center of gravity be too low, the 
side oscillations or swings are liable to be increased in amplitude; if too 
high, the tendency would be to upset the machine. 
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Comparmg an aeroplane to a boat, any one knows that the keel and 
side surface of the boat are two entirely distinct things, the Burface of the 
keel being extremely small as ccmipared to the surface of the dde. 

The term side surface means everything to be seen when viewing an 
deroplane from the aide, that is, by definition the projected area of everything 
visible from the side of an aeroplane. 

By properly proportioning and arrauf^ng the side surface, the m ac hi ne 
is renaeml stable against rolling and skiddiiig 



Fig. 2,088. — The nde nirfwe ot an kenplaw, bdng Old frtfaUi a 

tieaii jrom Iht sidi, it is the •/Tcclftn surface upoti ukick the mi' 
The torn A«l surfait is fTequenUy and ill sdviBctUy used for side si 



If the side surface be low, the side force, as of a side gust of wind blowing 
against it, will rotate the aeroplane sideways so that the windward wing 
will sink; if high, the windward wing will rise, but if on the same level with 
the center of gravity, there will be no tendency to rotate the machine, and 
will simply oppose the skidding . 

Vertical StafrHiiers.— These are the small fins placed above the center 

of gravity 1, on the tail, and 2, sometimes on top of the upper wings. If, 
due to a sudden side gust, themachineshouldmovesideways to any extent, 
the high fins resist this movement and also, because they are hijyier than 
the center of gravity, tend to bank up, the machine, that is, revolve it on 
its longitudinal axis so that the windward wing sinks, thus giving lateral 
BtabiUty. 
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Evidently, if the vertical stabilizers were traced below the center of 
gravity the opposite rotary effect would be produced which would tend to 
upset the iiia<jiine. 

The rear fin placed as an advance continuation of the rudder, evidently 
prevents over sensitiveness to the movement of the rudder thus avMding 
hunting or directional oscillations of the machine in responding to the 

FORWARD VtRTICAL STABIUZERS 




Fig. 2.B8S. — Fomid vsrtlOLl nabiliier or Ga. TImib ue UKd principaUy in hydiopluie* t 
boluice the ■baarmally Iubd aide suifwe ol tht bo^. 



Fig. 3,990.— Rear 

■kid, grrins a baoking cHect, also to damp o 
rudder, and to overcome ceatrifuEal force, ( 



cure stability asunM Bldddins by lesistiog the 
C the directionBTosdUationfl due to reaponie to 
tendency of the tail to ildd outward in nulddg 
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Variable Angle of Incidence. — ^If the propeller were held so that it 
oouldn't turn, the power of the engine would be spent in turning the aero- 
plane round its shaft as an axis. 

In fact, the air striking the bkde of the propeller obliquely presents considerable re- 
sistance against its rotary motion, and a corresponding force is exerted on the machine to 
turn it in an opposite direction. To overcome this tendency to turn the machine, it suflSoes 
to give a greater angle of incidence and therefore greater lift to the left wing, assuming the 
propeller to be turnmg clockwise from in front. This increased angle of incidence tends to 

Aki/*l e t\c neeicT^ki/^e rotate the machine in the same 

AN6LC1 Or HbdlOlANCc direction in which the propeller is 

AS USUALLY MEASURCO rotating, thus overcoming the 

r^^ w WW ■'•■..^-i«#*irr««.v . opposit^ xotatiou which the 

torque reaction would produce. 




TRUE ANGLE OF RESISTANCE 




Figs. 2.991 and 2,992.— Angle of 
resistance as usually and moor- 
rectly measured, and real angle 
ci resistance. This error has 
crept in no doubt on account of 
the difficulty of measuring the 
angle shown in fig. 2,992. 



Fig. 2,993. — Method of measur- 
ing the so-called angle of 
incidence. 
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Two rather objectionable terms are iised to indicate the variable angle 
of incidence provided for overcoming the propeller torque: Weuh in 
meaning the mcrease of angle of incidence toward the wing tips, and 
WDOsh out meaning the decrease of angle of incidence toward the wing 
tips, as shown in fig. 2,994. Both lateral and directional stability may be 
improved by washing out the an^e of incidence on both sides. 



WA5H IN 
RELATIVE TO B 



WASH OUT 
RELATIVE TO A 




Fig. 2,994. — ^Piont view of aeroplane illustrating the terms waah in and locwli out which mean, 
respectively the incremte ana decrease in the angte of incidence of the wings from the center 
toward the tips. 



PROPELLER TORQUE TENDS TO 
ROTATE MACHINE CLOCKWISE 



WASH 




WASH IM TO 
COUNTERACT 
PROPELLER 
/ TORQUE 



PROPELLER 
ROTATION 

Fig. 2,995. — Front view of aeroplane illu&tratiog hov wash in opposes the turning overe£Eect 
due to the propeller engine. 



Wash out renders the ailerons more effective, as, in order to operate 
them, it is not necessary to give them such a large angle of incidence as 
would otherwise be requireo. The effect of W€uh in in opposing the 
tendency of the propeller torque to turn the noachine over is shown in 
fie:. 2,995. 
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The advantage of wash in is offset somewhat by loss of Hft, as the lift 
decreases with the decreased angle. 

Directional ControL — ^An aeroplaiHe is steered by a rudder just Hke a 
boat. The rudder is pivoted to the rear post and is connected by cables 
to a foot bar in front of the operator, so that steering (right or left) is done 
by means of the feet pressing against the foot bar which is pivoted at the 
center to the cockpit noor as shown in fig. 2,966. 

The rudder is sometimes used in connection with the ailerons as a means 
of cheddng any swerving tendency. The ailerons at the same time then in 
restoring lateral balance, tend to diange the directional course of the machine^ 
and the rudder in sudi case must be used to oppose this tendency^. The 
rudder is also frequently used to preserve a straight course against the 
disturbmg action of side winds. 



LAMINATIONS 




Fig. 2,997. — Assembly of wooden laminations or boards glued together and ready for the 
routing operation. 



The Propeller. — This is hand made, and hence the reason 
why it is so expensive. Propellers are made almost excltisively 
of laminations of wood. 

Fig. 2,997 shows the laminations assembled before cutting. 
Each lamination is cut to pattern. Black walnut is considered 
the most desirable wood for propellers but maple and birch are 
also used. Black walnut and spruce are often used in alternate 
layers. After the laminations are glued together the assembly 
is roughed out by hand with different forms of draw knife, but 
in some of the larger shops special routing machines capable of 
routing several propellers at one time, as shown in fig. 2,998, are 
used thus saving considerable time and reducing the expense 
proportionately. 
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The operation of a propeller is similar to that of a boat, that 
is the oblique blade surfaces push back a column of air, the 
resistance of which gives a forward thrust to the propeller shaft. 

If the propeller acted in solid matter it woiild advance forward each 
levolution a distance depending on the obliquity of the blades. This is 
called thtpitck, but with a substance like air there is some slip so that the 
forward advance per revolution is less than the pitch , the difference between 
the pitch and the actual adva&ce per revolution is the sUp usually expressed 



Flc. 2,B98. — Multi-tool ro 



In construction, t 
points nearer the ce: 
the hub. 



The nearer the ratio of pitch to diameter approaches 1, the n 

is the blade. The propeller surface should be very smooth especially 
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Mechanics of Flight 

Lift of the Wings. — When the wings are movmg through the 
air, lift is due to: 1, pressure against the under surface of the wings 
caused by the inertia of the air on being deflected downward by 
the advancing inclined planes, and 2, partial vacuum formed over 

INERTIA OF AIR CAUSES VACUUM 



the top of the wing curved surface, also by the inertia of the air 
by virtue of which it cannot deflect and fill up instantly the space 
swept through by the advancing inclined wings. 

Stagger^ — When there are more than one pair of wings as in 
biplanes, triplanes, etc., if one pair be placed directly over the 
other pair, the suction region on the top of the under wing, and 
the compression region below the upper wing both find them- 
selves confined in about the same space, so that the excess 
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Pig. 3 JMO.— Method of mtuimns the mlatf. 

■onwly or aIoh^i the line of the chord* &oi . . 

the correct way ihould be nhown oa the diagram nhich ihoold ei. 
The two meaiuredcnts may be aa much as H inch diffeieace, which it 
macbine nose, or tail heavy aa the caae may be. 
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pressure under the top ■wing causes the air to expand downward 
and reduce the vacuum on top of the under wing as in fig. 3,001, 
thus decreasing the efficiency of the wing surface. 

It has been fcnmd that if the top wing be placed a little in advance of the 
lower wing (that is, given stagger) there is less interference with the vacuum 
on top the lower wing, thus Uie lower wing is rendered more ^cient, as 
shown in fig. 3,002 




L0N6 SPAM 



EQUAL AREAS 



FIGS. 8,008 nnd 3/»4.--Wiiigs of short and long span Oow and high »Bpeet ratio) «hcnring why 
the king wing b the more cSaent. Wing tipa u* inefficient because they "ipiU. or allow 
the air to slip sidewaya past their ends, beoce in a long ipan wing as in fig. 3 ,004 the end 
ptwtioii or tip is only a small percentage ol the total area, and acrardingls' little air slips 
by the tips as compued with a short span wing which haa a wide tip. 



Pics. 3,O0Sand3,OO6.— Good and bad crosseectionsl shapes of stmts, 
easy curve pemita the air to follow the suifwe.thuapracticellyiia vac 
in fig. ,3,006, the air caonot fellow the abrupt curve resulting in a vscuu 



1 Bg^. SfiOE. the long 
umis Cormed; while 
. which acts BB a drag 



Wing Shape.— In early experiments it was found that square 
wings were very inefficient, and if they were made long rather 
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For equilibrium there must be sufficient lift to balance gravity, 
and stifficient thrust to balance the air force. In other words, 
there are two pairs of forces, as shown in fig. 3,007, acting re- 
spectively vertically and in the lines ot flight, and each pair are 
in balance — ^that is, the thrust or pull due to the propeller is equal 
to the force of the air acting on the machine. 

The ratio of lift to this air force determines largely the value of a wing 
curve, and in general, that curve which gives the greatest amount of lift 

THRUST « AIR FORCE 




Fig. 3,008. — ^Relation between the thrust of the propeller and air force or resistance to the for- 
ward, motion of the machine due to the air. 

with the least air force at the speed for which the machine is designed is 
the most efficient. 

The ratio of lift to air force varies approximately from 1 to 1 on a flat 
plate to 8 or 10 to 1 for wings of special forms. The ratio 8 to 1 is easily 
obtained. This means that for every pound of forward thrust given by 
the i^ropeller, 8 pounds of weight can be lifted vertically at the normal 
speed of the machines. 



Center of Gravity. — By definition, the center of gravity of a 
body is that point about which, if suspended, all the parts mill be in 
equilibrium. 

The position of the center of gravity of an aeroplane has a 
marked influence on itte behavior in the air; it should, therefore;* 
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be known, and accordingly should be measured and marked on 
the machine. 

The conditions wotdd be ideal if all the forces acted at the 
center of gravity, but in construction the line of thrust and line 
of resistance does not usually coincide, because the line of thrust 
coincides with the propeller shaft axis, and this is usually above 
the line of resistance. 



RATIO 8: 1 



LIFT 




AIR FORCE 

Pig. 3,009. — The lift, air force ratio. If for each 1 lb. of resistance (air force) overcome by the 
forward thrust of the propeller the upward pull or lift be, say 8 lbs., then the lift air force 
ratio is 8:1. 

With the line of thrust above the line of resistance there is a tendency 
for the machine to nose down, and in order to balance this the center of 
gravity is located a sufficient distance behind the. center of lift to give an 
equal tendency to tip the nose upward. 

The position of the center of gravity affects lateral stability; if too low, it 
causes the machine to roll sidewise; if too high, it tends to upset the machine 
sidewise. The position of the center of gravity which gives maximum 
lateral stability is over a little below the center of air force. 



Longitudinal Stability. — The angle of flight of an aeroplane 
with respect to the horizontal is controlled by the elevators. In 
flight, the center of lift changes its position whenever the angle of 
incidence or speed is changed. 
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If an aeroplane be flying at an angle of, say, 2® so that the 
center of gravity coincides with the center of lift for this angle, 
and a gust of wind cause the angle to increase J^ degree, the 
center of lift will move forward and tend to elevate the front 
edge of the wing, thus further increasing the angle. The center 
of lift will then move further forward to accommodate the 




Fig. 3.010. — The dihedral angle. By definition a dihedral angle is ih<U angle mad4 by the 
intersecticn of two planes, as applied to the aeroplane it means the dijff'erence in angle of 
inclination of the toing and the stabilizer, that is the angle formed by the intersection of the 
wing and stabiliser surfaces projected along the axes. 



increase of angle, and the wing would rear up unless it were 
firmly attached to the aeroplane body and held in its proper 
position by the tail. Similarly if the angle be decreased, the 
tendency would be to depress the wing. It has been found 
that by giving the stabilizer a smaller angle of incidence than 
the wings, the disturbing force just described is opposed by a 
strong righting force. 
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W»N6 ANGLE OF INClOtNCE 




STABILIZER ANGLE OF INCIOENCC 




DIRECTION OF MOTION 



DlRECTrON OF THRUST 




MOTION 



MOMENTUM 

LARGE LOSS OF LIFT 
-THRUST 




TAIL DROPS 



THRUST 




MOTION- 
MOMENTUM 



SMALL INCREASE OF LIFT 




LARGE INCREASE OF LIFT 

^^ " TAIL 

Rises 



Pigs. 3,011 to 3,015. — Diagram showing rijS[hting effect of stabilizer and why stabilizer angle of 
incidence must be less thsm wing angle of incidence. In normal Mght the direction of motion 
LP, and direction of thrust LA, coincide, as in fig. 3,011 . Now. if a gust of wind throw the 
head down, as in fig 3,013, then the direction of motion will not coincide with the direction of 
thrust, but will t^ake the direction of the resultant L'P', of the thrust and motion, as 
found by the parallelogram fig. 3,012, and in fig. 3,013 it is seen that the stabilizer angle of 
imcidence M'S', is now much smaller in proportion than the wing angle of incidence MS, 
hence the stabilizer has suffered a greater loss of lift than the wings, and the tail faUs^ thus 
automatically bringing the machine back to its normal position, fig. 3,011. Again if a gust of 
wind cause the head to rise to position h'A", as in fig. 3,015, there will result a small increase 
of wing angle of incidence and a relatively large increase of stabilizer angle of incidence, hence 
the stabilizer receives a greater increase of lift then the wings and the tail rises, thus auto- 
matically bringing the machine back to its normal position. Evidently the stabilizer must 
be fixed at a less angle of incidence than that of the wings, otherwise when the line of motion 
and fine of thrust do not coincide, the two incidences would be altered in the same proportion 
and the righting effect would not be obtained. In the figures the wing and stabilizer are 
shown straight instead of curved for clearness. 
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A lack of longitudinal stability may be due to 

1. Wrong stagger. 

2. Warped body. 

3. Wrong angle of incidence. 

If there be not enough stagger, the lift will be too far back, tending to 
make the machine nose heavy. 

XE 

N 
F .B 




Fig. 3,016. — ^Diagiam showing deviation of aeroplane to correct for drift caused by side winds. 
The angle at ^f^iich the aezxmlane must be pointed from the true course so that the tesultinjs 
motion will be toward the objective point is obtained by the use of a drift set such as is 
shown in fig. 3,973. 

A warped body may change the angle of incidence, and if the angle of 
incidence be too great, the madiine will be nose heavy; if too little, it ^miX be 
tail heavy. 

Effect of Altitude. — ^Air is heavier near the ground than 
higher up, because the lower layers have to support the weight 
of the upper layers, hence the lower layers are compressed 
into smaller space. The heavier each particle of air, the greater 
is the inertia when the wing drives the particles downward, 
hence the greater the lift. Accordingly the nearer the aeroplane 
is to sea level, the greater is its lifting force. 
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As the machine 
climbs to high alti- 
tudes, the density 
decreases and the 
^eed increases, but 
due to the lighter 
air the engine takes 
in less charge of fuel 
mixture, hence the 
power is reduced, BO, 
taking this into 
account, the speed is 
not so great in high 
altitudes as in low. 
It follows that aero- 

Slaaes to be used f or 
ying in hi^ alti- 
tudes must havs 
„ greater wiiu; area 
p-e thsM those tor low 
'I" altitudes. 

Is 

'I How to 



'1! 



ii 



Fly 



Preliminary 
11 Inspection.— The 

la importance of in- 
S-% specting every part 
!|| of the machine be- 
•1 fore flight cannot 
|h be overestimated, 
^•§ because of the very 
S? light construction 
°"| the safety of the 
gi operator depends 
§1 on the perfect con- 
"1 dition of the nu- 
£ merous delicate 
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members which are subject to severe 
stresses. This includes attention to engine 
carburetter, ignition system, and main- 
taining a supply of gasoline, oil, and 
water. 



Starting. — The machine should be 
ttimed around so that it faces the wind, 
for evidently the speed relation to the 
ground necessary to cause the machine to 
rise, is not so great as if started with 
the wind. This is because the lifting force 
depends on the speed of the machine with 
respect to the air, instead of with respect 
to the ground. 

In starting there shotdd be one assistant to 
crank the engine and others to hold back the ma- 
chine until ready to let go. 

In order to get off the ground considerable 
power is required, so that when the assistants 
have let go, the throttle should be opened. 

To reduce the resistance, move control stick 
forward so that the elevator will raise tail skid 
oflE the groimd and allow the machine to roll 
on its wheels only. When sufficient speed has 
been gained a sUght pull back on the control 
stick will cause the machine to leave the ground. 

Care should be taken not to cause the machine 
to dimb mudi until the proper speed has been 
obtained, otherwise there is danger of stalling. 



Stall and Recovery, — For every speed 
there is a maximum climbing angle, beyond 
which the machine becomes unstable due to 
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Gliding. — ^This is practically the same thing as "coasting" 
down hiU in an automobile. The angle of incidence remains 
the same but the madiine is pointed slightly downward so that 
gravity will supply the power instead of the engine. 



BEST ANGLE OP INCIDENCE 6^* 




Pig. 3,028. — Gliding, or flying in a slifi^tly down- 
ward direction, gravity instead of the engine 
furnishing the required power. 




Figs. 3,029 to 3.032. — Plying upside down. Starting at A, the operator points the machine 
downward to gain speed and then executes part of a wide loop to reaoi the upside down 
position C. Here the engine may or may not be throttted down, li not throttled, then 
the elevation must be operated to secure a course approximately in the direction L. if the 
engine be throttled, then a more inclined course F, must be taken. 



M 
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LIFT INCREASE 
DUE. to 
SPEED INCREASE 




Diving. — If the control 
be moved forward, the tail 
will rise, the machine in- 
clining more and more 
toward the earth, the 
speed increasing with the 
angle. When the machine 
is thus inclined, it dives 
with enormous speed. If 
pointed directly to- 
ward the earth, the ma- 
chine will not descend in 
a vertical line, but be- 
cause of the greatly in- 
creased lift due to the 
enormous speed thus ob- 
tained the aeroplane is 
deflected horizontally or 
across, canting as it de- 
scends, as shown in figs. 
3,033 to 3,036. 

In coming out of a dive 
great care should be taken 
not to do this too 
suddenly, because the 
speed being very high the 
machine is liable to be 
strained to the breaking 
point. 

LATERAL MOVEMENT DUE TO LIFT 
Figs. 3,033 to 3,036. The dive, showing lateral motion of the machine due to increue of lift. 
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CUmbing. — By slightly ptdling back the control stick and 
holding it in a fixed position the machine will point upward and 
climb. 

In some machines when flying horizontally if the speed of the 
engine be simply increased to maximum, the machine will rise 
because of the increased power. The best an^e for dimbing is 
usually about half the stalling angle. 

Turning. — In order to turn, the rudder is moved in the 
proper direction, and the outer wing simultaneously tipped up 

STALLING AN6L£ ,/-' ~S^ 



?IG. 3A3T. — Beat oni^ for climbing. 

by the lateral contact in order to overcome the centrifugal force 
due to the turn. This tipping up of the outer wing or inclining 
the machine laterally is known as banking. 

In calm weather a wide turn may be made without any ap- 
preciable degree of banking. 

The proper bank for any particular turn is that bank which 
keeps the machine at the same angle of incidence relative to 
the air without rising or falling. 
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AILERONS DOWN 
WiNGUe 




AILERONS UP 
WING DOWN 



Fig. 3,038. — Turning, showing 
machine banked to prevent 
skidding or side slip. 



Excessive skidding is liable 
to result in a bad stall. If 
too much bank be given in 
turning the machine will slip 
downward, sideways or side 
sHp. This sometimes results 
in a nose dive. 



When skidding is apt to 
result in a stall, it nmy be 
overcome by moving rudder 
back toward neutral or by 
increasing the bank. 



When a turn is properly made the operator 
does not fed any change in wind pressure or 
tendency of the body to swing si(teways but 
only a slight increased pressure in the seat. 

K the machine be not properly banked in 
makmg a turn it will skid: outward, which is 
noticeable by the side wind thus created. 

Operators sometimes skid oonaderably in 
turning in order to quickly reduce the speed 
of the machine just before landing. 




Figs. 3,039 to 3,044. — Simultaneous climbing and turning 



If there be danger of a nose dive by side slipping, this is first over. 

In climbing while making a turn care should be taken to sufficiently 
bank the machine and not to give too much rudder, otherwise there is 
danger of a stall. 
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If the xpachine stall tmder these conditions the rudder shotild be put 
over to the opposite side and the bank also changed to opposite side. 



Looping* — This is done with the operator on the inside of the 
loop, otherwise there would be danger of throwing the operator 
out of the machine because of the centrifugal force created. 





rUGINE THROTTLED 
HCRf 



CONTROL STICK . 
MOVED FULL BACK 




DIVE TO 
GCRERATTSPEED 




STRAIGHTENING OUT 



Figs. 3 ,045 to 3 ,054 . — Looping the loop . The loop is made by diving first inside circle method 
so that the centrifugal force will tend to press the operator against his seat instead of throwing 
him out of the machine. 



To loop the loop: 1, make a senii-dive to develop the required 
speed; 2, pull elevator all the way back with engine going full 
speed, which quickly points the machine upward; 3, when the 
machine reaches the top of the loop, throttle engine, allowing 
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momentum to carry the machine over; 4, as the machine speeds 
up in completing the loop, the control stick should be eased back 
toward neutral so that the machine will not straighten out to 
normal flying angle too quickly and bring undue stresses on the 




u called becsuie tlu u 



Figs. 3 ,069 to 3.062.— SpiiBl or cork K 



wings. As the machine begins the descent to complete the 
loop it shotild be prevented going over sideways by means of the 
rudder. 
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Ot thing in Intiiltng is that the 
id as much as possible without 
lachine in a climbing angle, 
therefore in landing the ma- 
chine should be ^cii^ the 

When Within say 14 or 20 
feet of thegrotmd the machine 
should be straightened out to 
horizcaital flying position and 
allowed to gradually sink to 
the ground, being careful to 
keep the wings from tilting 
sideways by means of the 
horizontal control. 

In roUing after the wheels 
touch the ground, keep the 
tail as close to the ground as 
possible without causing 
bumfdng so as to slow up the 
machine as quickly as possible. 

One bad form of landing is 
called the ^ncaitf, which re- 
sults from reducing the speed 
too much by pomting the 
machine upward to climbing 
position. This causes a stall 
and the machine drops to the 
ground tail first. 

Aeroplane 
Engines 

apid development of the 
d sea-plane is gradually 
■g, and the demand for 
achines, capable of long 
lith greater load carrying 
, more powerful and 



Fic. 3,069.— Front end sectional view ot Hall-Scott 100 bone pi 

engine. R.fi.m. at \/hicli horae power is rated, 1.400; n"" "" 

guDlinB consocoption Ht 1.300 r.^.n.. 10 gaUona; oil per 
tinfaco foi front tTpe radiator, 400 sq. ios. 
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highly efficient engines, are imperative to drive the heavier and 
speedier machines. 

Since the engines must be as light as possible, the workmanship 
and materials entering into their construction are of the highest 
order. 

The question of balance of reciprocating parts receives tm- 
usual attention, because only by accurate balance, both static 
and rtinning, can the engine operate without undue vibration 
and endure the severe stresses which fl3ring service imposes. 

Classification. — The numerous types of aeroplane call for 
various engines differing in size, number and placement of 
cylinders, methods of cooling, and other mechanical details. 
These may be classified from several points of view. 

1. With respect to the number of cylinders, as 

a. Four cylinder. 

b. Six cylinder. 

2. With respect to the placement of the cylinders, as 

a. Vertical. 

b. Inclined (V type). 

c. Radiall 

3. With respect to non-mobile or mobile cylinders, as 

a. Stationary. 

b. Rotating. 

4. With respect to the number of valves, as 

a. Single. 

b. Double. 

5. With respect to the placement of the valves, as 

a. Valves in head. 

b. One valve in head, other in pocket. 

NOTE. — In the treatment of aeroplane engines, the author assumes that the reader has a 
general knowledge of gas engine principles and operation, because otherwise there would be a 
useless repetition of matter that has already been presented in the chapter on gas engines. 
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c. Valves on same side, side tjy side (L head). 
id. Valves on same side, one over the other. 
e. Valves on opponte sides (T bead) . 

6. With respect to the method of cooling, as 

a. Water cooled. 
6. Air cooled. 



Number of Cylinders. — ^The multiplicity ot gas engine 
cylinders is due to a desire, 1, to secure a nearer tmiEorm turning 



t U mglne. Fig. 3. 070. Cront 

torque, and 2, to reduce the vibration. For aeroplanes of small 
and moderate power 6 and 8 cylinder engines are standard, and 
for high power, 12 or more cylinders are tised, as it must be 
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production in the earlr summer of 101S. and it ia ra_y undentandinE t^t all envii« were 
equipped with this impioved altitude control before bemg used at the mnt. Vasue ntmoia to 
the effect that the Liberty engine has excessive gasoline consuniption have been pretty generally 
circulated, andtbb.ofcoune.iftrue.wouldbeserious. Itiaobviousthatallotnertbing- *- ' 
equal, the gasoline GonAumPtion o£ the engine will be in propoitioD to the hone power d< 
All well-known air craft engines at the piEsent time have about the same gasoline com 
per horsepower hour. This runs from .48 to -M lb. per i,*p.-)ir., depending on conditions. 
In this respect the Liberty engine is no better, and no worse, than other well-known designs. 
~ nning wide open near sea level, the Liberty engine will develop 100 to 120 hp. and granting 
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evident that in order to keep down the cylinder dimensions to 
proper limits so as to avoid destructive vibration, the number 
of cylinders must be increased with increase of power required. 

Vertical Cylinder Engines, — In this type of engine all the 
cylinders are placed in line, one back of the other, and it ac- 
cordingly offers the least resistance to the wind. The long 
crank case, while not so light as some types, permit bearings of 
Uberal length, thus insuring cool running and durabiUty. The 
valve gear and other parts are easily accessible. 

V Engines. — This engine lends itself conveniently to water 
cooling and although the balance of the prevailing eight cylinder 
design is not so good as that of the mtdti-cylinder radial engine, 
yet the V engine is short and compact, offering little head re- 
sistance and view obstruction, and appears likely to be much 
used in the future of air service. 

Vertical and V Engines Compared. — For equal cylinder 
dimensions and number of cylinders, V engines are lighter than 
the vertical, but in actual practice, for equal power output, 
the V type has a greater number of cylinders, in order to secure 
nearer tmiform torque by increasing the number of impulses. 

Since reducing the size of cylinder increases weight per horse power this 
is offset by running the engine at higher speed than the vertical tjrpe. 
However a strong reduction gearing for the prop>eller drive is required, and 
since there is loss of power in this gearing there is not much saving in weight 
per horse power of the V over the vertical engine. 

Radial Engines. — The fear, on the part of the designers, of 
the evils resulting from excessive cylinder lubrication resulted 
in the early radial engines exhibiting a fan like arrangement of 
the cylinders as in fig. 3,037, the arcs of all being inclined up- 
ward from the crank shaft. 
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The fan type has not survived, increased experience having shown that 
with careftdly designed forced lubrication the cylinders may be symmetri- 
cally disposal arotmd the crank shaft without fear of those t>elow the 
horizontal becoming flooded. 

An advantage of the radial engine with cylinders placed all around the 
crank case is the considerable r^uction in weight and simplicity of the 
crank case, there being no intermediate bearings and webs. 

The impulses, however, do not occur at equal intervals as with the 
more usual types, except in the case of a five cylinder engine. In con- 
struction the crank case is stationary and the crank shaft revolves, as 
distinguished from the so called rotary type in which the opposite condi- 
tions obtain. 




Fig. 3,073. — Six cylinder air cooled radial engine. It ha» fixed cylindos arranged radially 
about a rotating crank shaft. It is the type built by Anzani. 



The valves are placed in the cylinder head. The large surface offers 
too much resistance to the wind, and as a rule the engine has to be placed 
in front of the operator. 

Rotating or So Galled Rotary Ei^nes. — In general, 

rotating engines resemble in external appearance the radial type, 
but, whereas in radial engines, the cylinders are stationary and 
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the crank shaft rotates, in rotating engines the crank shaft is 
fixed and the cylinder,' crank case, and attachments rotate 
around the crank shaft axis. 

While the rotary engine has the advantage of lightness, and the steadying 
influence of its large rotational inertia, it has certain drawbacks: it must 
necessarily be air cooled and for long flights water cooling is preferable. 

Again the resistance of the air to the rapid rotation of the cylinders 
absorbs fully 10% of the power developed while it is difficult to provide 
for the uniform cooling of the cylinders and so avoid distortion, the leading 
surfaces tending to keep cooler than the following surfaces. 

It has proved difficult to arrange satisfactorily for the suppdy of the car- 
burretted mixture to the several cylinders, and there is no sati^actory way 
to muffle the exhaust. 

Rotating engines have an odd ntimber of cylinders in order to secure 
evenly spaced explosions. 

The consumption of lubricating oil is excessive because of centrifugal 
force. 

The Gnome Rotating Engine. — This engine is erroneously 
called a "one valve" engine, because there is only one valve of 
the ordinary type in each cylinder — ^the exhaust valve, which is 
located in the top of the cylinder head. 

The other valve for inlet is formed by the piston which as it 
nears the end of the outward (away from the head) stroke un- 
covers a ring of small holes drilled through the cylinder and com- 
municating with the crank case, the idea being similar to that 
employed in the uniflow type steam engine, differing in that 
the ports uncovered are inlet instead of exhaust parts. This 
combination of piston and circumferential ports is virtually a 
valve and it is therefore ridiculous to speak of the engine as a 
one-valve engine. 

In operation a very rich fuel mixture is forced into the crank 
case through a jet inside the crank shaft , and enters the cylinder 
when the piston is at the end of its outward stroke; that is, 
when the inlet parts are uncovered. 
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On the rettim stroke these parts are covered and the charge is 
compressed and ignited in the usual way, exhaust taking place 
through the large valve in the head. The exhaust valve re- 
mains open a portion of the intake stroke to admit air into the 
cylinder and dilute the rich gas forced in from the crank case. 

The fuel supply, ignition and oiling of the Gnome engine has 
been described in "The Automobile'' as follows: 



IGNITION 




'^2:** M 



^/XTURE^^--' 



Pig. S.OTS.^vTimififir diagram of Gnome engine. To time engine, it should be mounted on 
supports with front nose extension removed, together with the front cover with its ball rod and 
the two pairs of reducing or satellite gears. Turn engine anti-clockwise and adjust valve 
rod cup ends for .5 millimeter clearance between exhaust valve levers roller and exhaust 
valve of each cylinder when valve is closed. Then turn engine anti-clockwise until cylinder 
No. 1 is 85 degrees past top dead center. Turn cam shaft clockwise till No. 1 cam is about 
to lift valves. Take front cover with satellite pinions and turn satellite wheels till the two 
teeth marked O, are opposite each other. Fit front cover on valve srear case so that ^[ears 
mesh and bolt holes are in line. Verify setting. Put on nuts and ht ball rod in position* 
Verify entire setting and adjust tappel clearance again if necessary. 

Gasoline is fed to the engine by means of air pressure at 6 pounds per 
sq. in., which is produced by the air pump on the engine. A pressure 
gauge, convenient to the operator, indicates this pressure and a valve 
enables the operator to control it. No carburetter is used. 

The gasoline flows from the tank through a shut off valve near the 
operator and through a tube leading through the hollow crank shaft to a 
spray nozzle locatea in the crank case. 
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There is no throttle valve, and as each cylinder always 
amount o£ air as long as the atmospheric pressure is the saine, the output 
cannot be varied by reducing the fuel EUpply, except within narrow limits. 

The high tension magnetos, with double cam or two break per revolution 
interrupter, is located on the thrust plate in an inverted position, and is 
driven at such a speed as to produce nine sparks for every two revolutions; 
that is, at 2^ times er^ne speed. A Sphtdorf magneto is fitted. There 
is no lustributer on the magneto. 



L 



Jf cue opea showing sasesbls' Ot pistuns 

The brush in this brush holder is pressed against a distributer ring of 
insulating material molded in position, in the web of a gear wheel keyed to 
the thrust plate, which gear serves also for starting the engine by hand. 

Molded in this ring of insulating material are nine brass contact sectors, 
connecting with contact screws at the back side of the gear, from which bare 
wires connect to the spark plugs. 
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The distributor revolves at engme speed, instead of at half engine speed', 
as on ordinary engines, and the distributor brush is brought into electrical 
connection with each spark plug every time the piston in the cylinder in 
which this spark plug is located approaches the outer dead center. How- 
ever, on the exhaust stroke no spark is being generated in the magneto, 
hence none is produced at the spark plug. 

Ordinarily, the engine is started by ttiming on the propeller, but for 
emergency purposes as in sea planes or for a quick "get away" if landing ^; 
inadvertently in enemy territory, a hand starting crank is provided. This 
is supported in bearings secured to the pressed steel carriers of the engine 
and IS provided with a universal joint between the two supports so as to 
prevent binding of the crank in the bearings due to possible distortion of 
the supports. 

The gear on this starting crank and the one on the thrust plate with 
which it meshes are cut with helical teeth of such hand that the starting 
pinion is thrown out of mesh as soon as the engine picks up its cycle. A 
coiled spring surrounds part of the shaft of the startmg crank and holds it. 
out of gear when not in use. 

Lubricating oil is carried in a tank of 25 gallon capacity, and if this tank 
has to be placed in a low position it is connected with the air pressure line, 
so that the suction of the oil pump is not depended upon to get the oil to 
the pump. 

Prom the bottom of the oil tank a pipe leads to the pump inlet. There- 
are two outlets from the pump, each entering the hollow crank shaft, and 
there is a branch from each outlet pipe to a circulation indicator con- 
venient to the operator. 

One of the oil leads feeds to the housing in the thrust plate containing 
the two rear ball bearings, and the other lead feeds through the crank pin 
to the cams, as already explained. 

Owing to the effect of centrifugal force and the fact that the oil is not 
used over again, the oil consumption of a revolving cyHnder engine is 
considerably higher than that of a stationary cylinder engine. Fuel 
consumption is also somewhat higher, and for this reason the revolving 
cylinder engine is not so well suited for types of aeroplanes designed for long: 
trips, as the increased weight of supplies required for such trips, as com- 
pared with stationary cyUnder type engines, more than offsets the high 
weight efficiency of the engine itself, but for short trips, and especially 
where high speed is required, as in single seated scout and battle planes, 
the revolving cylinder engine has the advantage. 

The oil consumption of the Gnome engine is as high as 2.4 gallons per 
hour. Castor oil is used for lubrication because it is not cut by the gaso- 
line mist present in the engine interior as an oil of mineral derivation 
would be. 
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Cooling Methods. — ^There are two methods of cooling aero- 
plaoe engine cylinders, being ^milar to those employed in 
automobile practice. 

1. Air cooling. 

2. Water cooling. 

In the most approved air cooling system prorisioas are made to direct 

the air to the cooling surfaces of eat^ lyliiider so that each receives an 
equal cooling effect. This is done by placing around each cylinder a jacket 
of thin sheet metal connected at each end with an air tight manifold. 
In operation air is discharged into one of these manifolds, from whence 
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it passes around the radiating fins of each cylinder, being guided by the 
sheet metal jackets, and is discharged through the other manifold. 

It is stated that the air system is more economical than water cooling 
because of the higher temperature maintained. However, the water 
system is conceded more rehable and is the one generally used. In this 
system a circulation of water is maintained between the cylinder jackets 
and the radiator by a rotary pmnp, or equivalent, the construction being 
similar to that used in automobile practice. 
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Carburetter Requirements. — ^Atmospheric conditions have 
much to do with carburetter operation, and especially in aero- 
plane service are these conditions varied to a marked degree. 

Anyone familiar with gas engine operation has noticed the 
difference in power developed on a cold and on a hot day. This 
is due to the fact that the volume of air varies with its tempera- 
ture, hence, when it is cold, it occupies a relatively small volume, 
and the engine takes in a larger "charge** than when the air is 
hot, hence greater power is developed. 

ffiTPlPCJW THIS INSTALLATIOM 
3H00LD HAVE AM 1NSVDE DIA. 
iS>r LESS THAN llfil.*^ 




Fig. 3,078. — ^Hall-Scott overhead radiator installation for 100 horse power engine. 



Under these conditions the mixture will become too rich imless the car- 
buretter be provided with adjustments to maintain the mixture in the 
correct proportions. This may be done bv providing minute adjustment 
of the gasoline by hand control, or else a hand control supplementary air 
valve located between the engine and carburetter. Both of these adjust- 
ments should be provided. 

The volume or density of air also varies with the altitude, 
becoming lighter as the altitude increases. Accordingly, an 
aeroplane in ascending from sea level to a high altitude, takes in 
charges of air decreasing in weight. 
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The ^ect o£ the supplementaxy valve is to reduce tte suction of the 
primary and secondary air supply so that there is less pressure reduction 
when the en^ne draws in the air, hence an increased amount of air will be 
taken in during each suction stroke. 



The supplementary air valve should be provided, not only for altitude 
correction, but for economy, so that the operator can control the richness 
of the mixture, and be sure that the engine is T unnin g on the leanest mixture 

PRESSURE nCLlEP 



eta. 3,0n.— Han-Scott fuel aupply vith depressed tank iosMlktion u u»d with 100 horw 



Since an aeroplane is usually in an inclined position carburetters with 
oflset float chambers should not be used because, due to such inclination 
the float level with respect to the nozzle is disturbed and may be hi^er, 
which would cause gasoline to leak out of the carburetter wMe standii^ 
with resulting danger of fire. 

To guard against such danger, not only should a concentric float chamber 
be us^, but provision should be made so that any gasoline finding its way 
into the primary air passage will drain overboard and not saturate ^e 
magneto or woodwork o£ the machine. 

Fuel Supply. — There are two methods by which the fuel is 
brought from the tank to the carburetter, as by 
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1. Gravity, or 

2. Pressure. 

When using the gravity system there should be a drop of not 
less than two feet from the lowest part of the tank to the upper 
part of the carburetter float chamber. 

Even this height might not be sufficient to maintain the proper volume 
of gasoline to the carburetter at high speeds, or when climbing at a con- 
siderable angle. 

A combination of gravity and pressure should be employed to insure oxt 
adequate supply of fuel imder all conditions. 

When using gravity feed without air pressure care should be taken to* 
vent the tank. 

When the engine runs satisfactorily on low speeds and cuts out on high 
speed, the indication is that the tank is of insufficient height above the- 
carburetter. 

If a pressure system be used with tank located below the 
level of the carburetter, a hand pump must be provided to 
generate sufficient pressure before the engine is started. 

When the engine is running, the pressure is maintained preferably by a 
pump driven by the engine. 

When an engine driven air pump is used there must be an air relief valve 
on the tank, or preferably the pump should be designed with adjustable 
clearance so that the pressure can be controlled by adjusting the clearance. 

Ignition. — High tension ignition is the kind universally used 
for aeroplane engines, a magneto being generally used in pref- 
erence to a battery. 

Since the engine causes practically all the hum at high speed 
and heavy load, the ignition apparatus must work under severe 
conditions. An extra high pressure is required to produce a 
spark because of the high compression due to wide throttle 
opening. Moreover, special provision must be made to prevent 
the plugs becoming unduly heated owing to the very high speed. 
It is of vital importance that the ignition system be maintained 
in perfect order, because the safety of the machine and occupant 
depends upon its proper working. 



1,600 



AEROPLANES 



To guard against failure, the best practice is to provide two 
independent systems. 

An example of a double ignition system is that fitted on the 
Sturtevant eight cylinder V engine. 

It consists of two water proof magnetos placed face to face between the 
two groups of cylinders. Each cylinder is provided with double i^tion 
by means of two spark plugs located in water cooled bosses on the sides of 
the cylinder heads. The magnetos are synchronized by a vernier coupling 
permitting accurate adjustment. It is claimed that operating both mag- 
netos tends to increase the power at h^h speed by igniting the charge at 
two points and thus accelerating ignition. 
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Fig. 3,080. — Wiring diagram for Dixie magneto ignition system as used on Hall-Scott four 
cylinder engine. 



Because of the severe igniting conditions, spark plugs are 
particularly liable to fail, and in this connection it may be well 
to caution the operator not to let the spark gap get too large, 
maintaining the proper gap by frequent adjustment of the 
spark points. 

It should be remembered that the pressure necessary to force a spark 
across the gap increases with the length of the gap and the compression. 

Because of the heavy compression, an unusually high voltage is required 
ior the reason above, and if m addition the gap be too large, the oresstire 
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necessary to produce a spark may be increased to such an extent as to 
damage the coil insulation. 

There are no good spark plugs — ^the best are only "fair," and accordingly 
the best that can be obtained hardly answer the purpose. 

It should be imderstood that there is no reliable method of testing a 
spark plug without running the engine at full load so that the test may be 
made with maximum compression. v 

The practice of testing plugs by placing a screw driver in contact with 
the plug terminal and sparking across to the metal of the engine (the engine 
idling) is no test at all, except to prove that the plug will not spark imder 
any conditions. This test is only of value when made with the engine 
nmning with full load (maximum compression) and this cannot be con- 
veniently done either in an aeroplane or automobile. 
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L.H. MAGMETO 





RUNNING POSITION 
BOTH MAGNETOS ON 






OFF POSITION 
BOTH MAGNETOS 
GROUNDED 



L MAGNETO 
MAONCTO 
IN CIRCUIT WITH 
SUMPTER STARTIH© 

COIL OR GROUND 

Figs. 3,081 to 3, 085. — Dixie magneto switch diagrams, and ma^eto connection as furnished 
for Hall-Scott four cylinder 100 horse power engine. The switch should be installed in the 
<^>erator's seat. One lever controls the right hand and left hand magnetos. By shunting 
either one or the other, it can be quickly determined if both magnetos, with their respective 
spark plugs, be working correctly. 



The reason the test is of no value is because, with little or no compression 
a spark will jump a gap of moderate length at about 5,000 volts, but if the 
throttle be opened wide with engine heavily loaded, it will require, be- 
cause of the high compression, about 30,000 volts to produce a spark. 

It can be readily understood that if the insulation be defective but 
adequate for 5,000 volts, it would allow current to pass for higher pressures, 
thus no spark would jtunp the gap between the spark points.* 



♦NOTE. — A full treatment of both Carburetter and Ignition is given in the chapter on Gas 
Engines (pages 1,382 and 1,418 resi>ectiyely) and a thorough study of these subjects is 
recommended. 
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Care and Operation 

To Insure Beet Operation. — The following instructions 
should be carried out after every long fl^ht. If used for school- 
ing purposes, daily care should be taken, as follows: 

1 . WHle engine is still warm remove all spark plugs . 

2. Clean each 
plug with gasoline 
and a stiff brush, 
and space each 
plug with prpper 
.018 gai^. 

3. Remove 
lower crank case 
sump plug, and 
drain oil into a 
dean measure, 
cover same and 
allow to stand 
until morning. 

4. Clean out 
lower crank case 
thoroughly with 



Fig. 3.086. — Cam Hotion of Gnoms engine. The nine holes in the crank pin teed oil to nine 
ams.onebetngshownat A. The hale ia at tiie base on theincUne inescb cue. In mxra- 

theEmaIlSLWon*achdd°e'o"^these t^reanTdlinB'th"l^ring»,'ot theroUen. The 
surplus oil from here feeds up through the valve tod guidcA. thence it feeda throu^ ball 
joint D, through hollow valve rod E. and oils the pin at P. There is also sufficient oil at 
this point to strike a grove on the under side of the valve lever and ieed alfms to the lavei 
bearinji G. so that every beaiinj) is well oiled from the central tuppi/. This, bowtvn. 
requiree a luje amount of oil, a i^aracteristic of the rotating type of engine. 
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5. Squirt gun full of kerosene into each cylinder through 
spark plug opening, 

6. Remove front portion magneto distributer cover and wipe 
out distributer block with soft cloth moistened in alcohol or 
gasoline if necessary. 

7. In replacing distributer block, be sure to wipe off all excess 
oil on magnetos and cover before replacing. 

8. Cover engine for night with canvas or heavy cloth. 



Pig. 3.087.— Front side otStuitovuHeiehtcvtindermtercooled Vensine. Cylinder 4X5} 
r.P-Ht't 2SXlQj hone power. 140. The propeller shaft ia driven throi^Eh reducing cean, v 
Btuidaid ratio being S;3, giving a propdlar speed of 1,200 r.t.m. The direct drive 
eapecially adapted to diriiziue work. 



Preparing Engine for Service. — Give the engine a few 

turns and note that all working parts are perfectly free. Re- 
place lower oil sump plug. 

Pour off top oil, left to stand over night, into a clean measure, 
making sure that the heavier portion of oil and carbon deposit is 
left in first measure. Add to the second measure enough new 
oil to make two gallons. 
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Poiir same into sump through breather pipe lead. 
Replace spark plugs and connect lead wires. 

The engine is now ready to stai:t. Run slowly with engine throttled for 
at least five or six minutes while the plane is on the ground, before starting 
on flight, so that the lubricating oil will have a chance to work up onto 
the cylinder walls and pistons. 

For normal flight do not place more than the amount of oil specified by 
the manufacturer in sump. 



Standard Adjustments. — Of the various adjustments that 
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Figs. 3,088 and 3,080. — Valve timing chart, and section through cam shaft housing of Hall- 
Scott four cylinder 100 horse power engine, showing position of cams when eichaust valve is 
closed. 



must be made from time to time for satisfactory working the 
following should be noted. 



Spark Plugs, — These should have .018 inch clearance between points 
across which the spark jumps. 

Magneto Breaker Points, — ^The gap between breaker points in mag- 
netos when full open should be about .02. Use gauge rumished with 
each magneto screw driver. It might be possible to obtain better results 
if the breaker gap be closed to .018. 

Oil Pressure, — This will vary according to weather conditions and 
gravity of oil used. In normal weather, with engine properly wanned up. 
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the pressure will register upon the oil gauge from 5 to 15 lbs. when engine ifl 
turning from 1,276 to 1,300 r.p.m. 

Air Pressure. — ^Air pressure gauge should not register under 3 lbs. 

Valve Clearances. — Inlet and exhaust valves should be set with a .02 
inch clearance, when motor is cold. This should be checked by a timing 
disc. 

Gear Clearances. — With the exception of the lower pinion shaft gear 
meshing with the crank shaft, which has a .01 clearance; all other gears 
have a ,02 clearance. 

Bearing Clearances. — Crank shaft bearings should have a .001 clear- 
ance. 

Connecting rods should be set up snug, allowing enough clearance, how- 
ever, so that the rod may be slid laterally on the crank shaft bearing when 
died without binding. 

Lubricating System. — (Diagram of lubrication system on page 1,606.) 
The proper lubrication of an airplane engine is of vital importance. 

Oils best adapted for Hall-Scott engines have the following properties: 
a flash t^st of not less than 400 F.; viscosity of not less than 75 to 85 taken 
at 212 F. with Saybolt's universal viscosimeter. 

Engine Oiling System. — Crank shaft, connecting rods and all other 
parts within the crank case and cylinder are lubricated directly or in- 
directly by a force feed oiling system. The cylinder walls are lubricated 
by oil spray thrown from the lower end of connecting rod bearings. A 
small tube supplies oil from connecting rod bearing directly upon wrist pin. 

Engine Oiling Circulation. — ^The oil is drawn from the strainer located 
at the lowest portion of the lower crank case, forced arotmd the main intake 
manifold oil jacket. From here it is circulated to the main distributing pipe 
located along the lower left hand side of upper crank case. The oil is then 
forced directly to the lower side of crank shaft through holes drilled in each 
main bearing cap. Leakage from these main bearings is caught in scuppers 
placed upon the cheeks of the crank shafts furnishing oil to the connecting 
rod bearings. Small tubes leading ^m the bearings convey the oil to 
the wrist pins. 

Draining Oil from Crank Case. — ^The oil strainer plug is located at the 
lowest point of the lower crank case. This is a combination dirt, water, 
and sediment trap. It is easily removed by unscrewing. This strainer 
should be removed after every ISve to eight hours running of the engine 
and deaned thoroughly with gasoline. It is also advisable to squirt dis- 
tillate up into the case through the opening where the strainer has been 
removed. 

Allow this distillate to drain out thoroughly before replacing the plug 
with strainer attached. Be sure gasket is in place on plug before replacing. 
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Pour new oil in through the breather pipe on exhaust adc of engine. Bs 
sure to replace breather pipe strainer screen, if removed. 

Inauffictent Lubrication. — If, through oversight, the engine do not 
receive sufficient lubrication and bepn to heat or pound, it ahoold be 
stOTped immediately. After allowing engine to cool, pour at least two 
gaUons of oil into oil sump. Fi!! radiator with water after engine has 
cooled. Should there be apparent damage, the engine should be thor- 
oughly inspected immediately, without further running. 



Fig. 3,090. — Oil flow diagram ot Hsll-Scott lOOhoiw power tonr cylinder enfline. In opar 
(ion, mar pump at A, pumpfi thfi oil through pressure relief valve at B, into oil jacket ti 
lOunuiv intake manifold at C, From the manifold oil jaclcet, the oil eoei to the oil ma 
m iwper crank cue at D. From the main individual leads, the oil ia {orced lo ra^h „%g 
bBiug delivered through the bearing caps to the under aide of the shaft. The i 



__,__ _, __ _, bearingB.4a thrown outward along the crank chccka, bciiw 

CMght by the scuppers at E. and directed into the hollow cranli pin. A. hole in the cniak 
pin wall allows the oil to be forced by centrifugal pressure onto the connecting rod bearing. 

bea^nfl onto the wrist pin b^ariiig. Cylinder walls and pistons are ciled by splaah from tha 
crank ahiift and connecting rods. At G.in the end of the oil main, is located an ociSca which 
.n,,,.. . ™...,..~i fl™ ;„tn .1.- ,.;,« h, which csiries the oil to one end of the cam dwft 
f the hollow cam shaft I. Holes through the cam ihaft 

iTings. Oil escapins from the cam ahaft bearmga Kathera 

m of the cam shaft housing and flows to the forward end where it forma a bath 



SSfSlow 



thoroughly 






Eeara and upper vertical shaft bearinn. A by-pass at J, carriea tile o: 
shaft housing. Descending throu^ the yertical shaft houiingi, the a 
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If no obvious dam^e has been done, the engine ahould be given a careful 
examination at the earliest opportunity to see that the running witbout 
oil has not burned the bearings or caused other trouble. 

Auxiliary Oil Tank. — For long flights, an auxihaiy oil tank is useful. 
This tank should be placed slighuy h^her than the lowest point of the 
engine oil sump, thus allowing new oil, if required, to flow from this taijc 
into the main sump, so that the oil wilt flow by gravity through tiie lead 
pipe to main oil sump on engine. 

The crank case oil sump has a capacity sufGdent for from three to six 
hours' fl^ht, depending entirely upon weather conditions, kind of <xl used 
and r.p.m. rf engine. 



MECHANICALLY OPCHATCO EXHAUST VALVQ 




SINGLE VALVt 



■ahtMA iolet and eibaiut. 



Preparation to Start Engine. — Always replenish gasoline tanks 
tbrot^h a strainer which is dean. This stramer must catch all water and 
other unpurities in the gasoline. 
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Oil all rocker aims. 

Be sure radiators are Med witliin one inch of the top. 
After all the parts are oiled, and the tanks filled, the following n 
looked after before starting: 

See if crank shaft flange be tight on shaft. 
See if propeller be trued up to within % inch. 
See if propeller bolts be tight and evenly drawn up. 
See if propeller bolts be wired. 



view Ghowjng valves. Tlie headi are COAt ia 
.._i. _ _^ I ireuUtion of coolins 



he unobstructed circulation of tt 
li hEldto the base by sis lone be 



Oil Pressure Relief Valve. — An oil relief valve is located just off of the 
main oil pump in lower crank case. This regulates the pressure at all 
times, so that in cold weather there will be no danger of bursting oil pipes 
due to excessive pressure. If it be found that the oil pressure is not main- 
tained at a high enough level, inspect this valve. A stronger spring will 
not allow the oil to by-pass so freely and consequently the pressure will 
be raised; a weaker spring will by-pass more oil and reduce the oil pressure 
materially. 

r three drops of 
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Every month all cylinder hold down nuts should be gone over to ascer- 
tain if they be tight. (Be sure to re-cotter nuts.) 

See if magnetos be bolted on tight and wired. 

See if magneto cables be in good condition. 

See if rocker arm tappets have a .02 clearance from valve stem when 
valve is seated. 

See if tappet clamp screws be tight and cottered. 

See if gasoline, oil, water pipes and connections be in perfect condition. 

Air on gas Kne should be tested for leaks. 

Pump at least three pounds air pressiu*e into gasoline tank. 

After making sure that above rules have been observed, test compression 
of cylinders by turning propeller. 

"Do not forget to short both magnetos^ 

Be sure compression relief cocks do not leak. If they do, replace same 
with new ones immediately, as compression leak might cause premature 
firing. 

Open priming cocks, located upon the intake manifold, and squirt some 
gasoline into each. 

Close. cocks. 

Open throttle slightly. 

Retard magnetos. 

Open magneto switch. 



Starting, — If all the foregoing directions have been carefully followed, 
the engine is ready for starting. 

IfL cranking engine either by starting crank, or propeller, it is essential 
to throw it over compression quickly. 

Care should be taken when mounting the propeller to locate it in a 
suitable position so that it will be possible to crank it rapidly over com- 
pression. 

If the engine be started with compression release cocks open, they should 
be closed immediately after starting. 

When engine is running, advance magnetos. 

Do not accelerate engine until it has been warmed up thoroughly. 

Allow the engine to warm up gradually. 

After this has been done short one magneto and then the other, to be 
sure both magnetos and spark plugs are firing properly. If there be a 
miss, the fouled plug must be located and cleaned. 
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The oil gauge provided ie an exceedingly delicate instrument whidi 
might easily be broken by excesdve pressure caused by rapid accderatioa 
of a cold engine. Care should be taken to see that oil does not get up 
inside of gat^e vdiich will stop it up, usually making the hand drop to zero. 

In cold weather the radiator should be covered until the temperature cf 
the water reaches 80 to 100 degrees Fahr. 

To Stop Engine. — Before stopping en^e, let it run slowly for a minute 
or two, then short magnetos. It is advisable after a long run, while the 
engine is still hot, to squirt kerosene into the exliaust valve guides. Five or 
ten minutes after this is done, the engine should be re-started and nm 
three or four minutes before stopping. This will insure an easy start 
next morning. It will also loosen up tiie carbon deposit upon the pistons 
and exhaust valve stems. 



Pig. 3,096.— Sturtevi 
BiderBbly below the 

Irregularitiea in Starting Engine. — Fulure to start the engine might 

be caused by the throttle being open too wide. In cold weather the 
carburetter should be primed well; and in wann weather should be primed 
slightly. After the engine has once started, it should not be primed too 
much before re-starting. The use of high test gasoline for priming helps 
starting greatly, but should be used with caution, taking care not to 
over prime cylinders, allowing gas to run down into craiuc case, whi<i 
might cause conaideiable dam^e. 
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After repeated attempts to start engine as just directed, and not suc- 
ceeding, it is advisable to inspect the spark plugs. Five out of ten cases 
of ^ition trouble are due to dirty or incorrectly s^ced spark plugs. The 
correct spacing is ,018. All should be uniform. Be sure points are clean - 
Dip tooth brush in gasoline and brush points. Eitamine the wire leads to 
be sure they are eadi in their proper place. 



i, after a. test, it be found that there is no current de- 
ered at the spark plugs, the magneto should be looked 
o according to Uie instruction book issued by the 
^eto manufacturer, and if not easily remedied they 
mid be sent to the factory representative for repairs. 



'buretter float may be tujl of, gasoline, allowing the float 
imber to flood, which will also happen if the needle 
.v8 do not work free, or some obstruction get in 



ir pressure must be tested, as there might be an air 
k, or the air pressure gauge might register a certain 
lount of air which is not in the tat^. Jhere is a 



Ji any sharp instrument. If this be i^ne, it m^t 
mge the opening i^i,Jhe jets, thus spotlipg the adjwt- 
nt. Jets and jic^zles should be blo^ otit with.^ 



PiOB. 3,007 to 3,0B9. — Sturtovuit coinwGdiiC rod piston, putoniingi, uidwrfait^ 
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CHAPTER 51 
HOW TO SELECT AN ENGINE 

It usually happens that the one entrusted with the important 
task of choosing an engine for a power installation, has very 
little knowledge of engines in general and is therefore unqualified 
to make an intelligent selection. Moreover, those furnishing the 
money, as a rule have little or no knowledge of machinery, and 
consequently do not 'appreciate the great loss entailed by installing 
the wrong type, make, or size of engine. 

In order to properly select an engine, one should have a con- 
siderable knowledge of: 

« 

1. Steam engine economy;' ., 

a. Factors governing economy. b. Feed water consumpti(!m. i j 
c. Quality and presstire of steam required. ' .•• ii > 

2. Steam engine construction; 

-o." Service requirements. b. Durability |^*^^^ 

c. Relative cost of different types. ' > 

3. Typ® of boiler and auxiliary machinery itwolved:, 

4. Plant conditions; 

a. Nature of the load. . /.^, ^i^celjaafeipus supplies. 

b. Growth of plant. g. Space required. 

c. Uses for steam. h. Attendance. ■■ 

d. Quality and cost of the water, fuel. t. Interest on invostmeafej.' 

e. Quality and cost of the fuel. j, Deprieciation. 

It must be evident to anyone that the statement that one 
engine requires only i^, % or even % as much fuel as some other 
engine means nothing unless the following items for both engines 
be known: 



tipn 
)atts 
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LBS PER HOUR 



OhU Unit Steam Unii 



Equiixdent Steam Unit W*"* ^"^ 

FT. LBS, OF WORK DONE 

«.FB 1 000,000 B.T.U. p^_ 3 ,03 t„ 3,108.-V»ri™ uniW of .nai» 

pftfformance graphically dalined. Pig. 3,102, 

cosf un'I; Gg. 3.103. tttam unit; £s. 

TOTAL HEAD 3.104. aauivaltnt Ittam unit! fig. 3.1W. 

AS INDICATED 3.102, the Gmnan ahovela about 6 lbs. of coU 

BY GAUGES V*' hour per horu power, and aasuouog tbe 

cDcine to be say 10 twne power, would make * 

total of 60 Ibe. of coal per hour required. Pig. 

3.103 shows tbe nKlbod of maiuiiu feed 

water of a condeiuing eogine, and fig.ll,lQ#. 

the »amo reduced to a "J^am and ot 212* P." 

buii. Sunilarly. figi. 3.10fi and S.lOe. point 

Daly l/nft Si'K-S.^.Slfi'ri"'"'—^'"' 



HOW TO SELECT AN ENGINE 1,616 

1. Cost of fuel and water. 3. Attendanoe required. 

2. Cost of plant. 4. Depreciation. 

Thus, the owner of a saw mill may put in a: multi<-e3cpan^on oondenssng 
engine using high pressure superheated steam, involving expensive boiler, 
auxiliaries^ skilled attention, etc., and, although he obtain a horse power 
hour on only 10 pounds of steam, the net expense may be more than if he 
installed the simplest and most wasteful type of engine, requiring 50 or 00 
pounds of steam per horse power hour. 

Units of Engine Performance. — ^There are several way^ in 
which the input, required by an engine may be expressed, such as: 

1 . Pounds of coal per hour per horse power {coal unit). 

2. Pounds of steam per hour per horse power {steam unit). 

3. Equivalent pounds of steam per hour per horse power 
{equivalent steam unit). 

4. British thermal units per minute per horse power {heat 
unit). 

5. Fort pounds per 1,000,000 S.^«. {duty unit). 
Whereas the coal unit (potmds of coal per horse power hour) 

is what the owner of the plant is interested in, this is misleading 

and not fair to the engine, because the latter uses steam and not 

coal. 

By knowing both the coal unit and steam unit, the performance of the 
boiler and engine are expressed independently, hence any undue waste can 
be located. Thus, a certain engine may re^quire an abnormal amount of 
coal; by testing the engine it can be determined if the steam consumption 
be in proportion to the coal used, the result indicating either: 

1 . Losses in the engine by leakage or faulty steam distribution, or 

2. Losses in the boiler due to scale, dirty tubes, improper firing, etc. 

An important point to note in regard to the steam unit is that 
only a very poor idea of the actual economy of an engine can 
be obtained by simply stating the ntmaber of pounds of steam* it 
consumes per horse power hour without giving the pressure and 
quality of the steam, and temperature of the feed water. 

*NOT£. — ^The reader should not confuse the term "pounda ofBteam/* 1, when used as a 
measure of quantUy, mecming the weight of the water from which the steam was generated ^ and 
2, when uara as a measure of quality^ meaning its premture per square inch* Taaa, a certam 
engine requires 32 potmds of steam ^weight) per horse power hour with steam gauge registeriag 
80 pounds of steam (pressure). See fig. 4,007. 
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Ques. Why is this? 

Ans. Because simply the weight of steam generated does not 
indicate the amount of heat energy , and consequently the amount 
of coal required to generate the steam. 

Ques. How are the relative demands on the boiler 
ascertained? 

Ans. By finding the relative sleant unit. 



— DistinetLon betweenthe lemis "fiounds i^ steam" me»mris pmmun 



iiffht^ Thua, the type of engine and boiler shown wfjuld ordinarily 
lofsleaiti ■• •• ■.....,...-.. 

If sltamiaelthl) p, 



O pounds of sleam ibolUr prouure per square inch) and vould lequu 
. . sttoM (welfhl) per hone power per hour. This quaatity is usually det 



burelon a platform scale, deducting of course the weicht of the bairel to 

J ... ... T^ J, .< — J .. discharged into the barrel pel 

Led by the engine per horse po 



from and nt Ifl° Fehr., means that the itcsm is generated at a 
■n the water of the same temperature. Steam i> generated at 212°. if 
: water be open to the atmosphere and the barometer read 39.931, the 
\o this readmg being known u the ilowford atmoithtrt. 
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NOTE.— The following table fo 
sicam." and also the marked gain ii 
densing. The figures given are ap 
should make a study of th« tabulate 
the particulan of the engiiu. 



Fetnald aod Orrok serves to ill 
1 results of B hiTge number (J t 



strate the term "pounds cf^ 

>f steam engiOD economy 
iti, Dotinc in each case ul 
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Example. — ^Two engines, A and B, require steam as follows: A, 15 
pounds of steam at 200 pounds abs. pressure, 200° superheat; feed water 
llO**. B, 17 pounds of saturated steam at 100 pounds abs. pressure; feed 
water 200**. What are the relative demands on the boiler? 

Total heat Peed Latent heat Factor of 

,. above 32° water at 212° evaporation 

Engine A (1307.7 - 110)-5-970.4= 1.234 

Engine BX1186.3 - 200) -5-970.4= 1.015 

Ecjuivalent evaporation from and at 212° Fahr. 

Engine A. 15X1.234= 18.6 pounds 

Engine B. 17X1.015 = 17.3 pounds 

Thus, it is seen that while engine A, requires 2 pounds of steam less than 
engine B, the actual equivalent evaporation required of the boiler is 18.5 — 17.3 
= 1.2 pound more for A, than for A. 

Ques. In what other way is the boiler demand for 
various engines reduced to a common basis? 

Ans. By measuring the steam consumption in heat units 
per indicated horse power per minute. 

Example, — ^An engine consumes 20 pounds of steam when running 
condensing with saturated steam of 100 pounds abs. pressure; temperatures 
feed water 110° Fahr. How maxiyB.t.u, per minute are b^g consumed by 
the engine? 

Total heat in one pound of steam at 100 pounds als. 

(from table) = 1186.3 B.t.u. 

Total heat above 32° Fahr. in one potmd of the feed 
water at 110° = 110° -32° = 78 B.t,u. 

Heat supplied by boiler per poimd of steam 1108 . 3 B.t.u, 

Heat consumed by the engine per horse power per minute* 

im^m=369A B.t.u. 
60 

< 

The term duty is used in connection with pumps as a measure 
of economy. Duty is defined as the foot pounds of work done per 
100 pounds of coal, or per 1 ,000 pounds of steam, or per 1 fiOOjOOO 
B,t,u. furnished by the boiler. 
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The power test committee of the A. S. M. E. (1916) defined duty as 
follows: The duty per million heat units is found by dividing the number of 
foot pounds of work done during the trial by the total number of heat units 
consumed, and multiplying the quotient by lfXX)flOO. This uiiit is the 
equivalent of 100 pounds of coal when each pound of coal gives 10,000 
B,t,u. to the water in the boiler, or where the evaporation is 10,(KX) -r- 970.4 = 
10.305 pounds of water from and at 212** Fahr. per pound of fuel. 

Horse Power, — The term horse power is defined as SSflOO 
foot pounds of work done in one minute. There are, however, 
several kinds of horse power and it is important to clearly 
understand the differences between these and their application 
to avoid confusion and errors. They are: 

1. *Nominal horse power. 

2. Indicated horse power. 

3. Brake horse power. 

4. Effective horse power. 

5. Hydraulic horse power. 

6. Boiler horse power. 

7. Electrical horse power. 

Indicated Horse Power. — ^This represents the power developed in the 
engine cylinder as measured by the indicator. It does not, however, 
represent the useful power delivered by the engine. 

Brake Horse Power. — This is the actual horse power delivered by the 
engine to the shaft, being equal to the indicated horse power minus the 
friction of the engine. It is measured by applying a dynamometer or friction 
brake to the fly wheel (hence the name); though usually known as brake 
horse power it is sometimes called delivered horse power. 

Effective Horse Power. — In any system of which the engine is only one 
element, the effective horse power is the actual horse power given by or to 



•NOTE. — Nominal horse power. — ^This term, which is due to Watt, has long been 
obselete but it should, however, be understood. Watt found that the mean pressure usually 
obtained in the cylinders of his engines was 7 pounds per square inch. He had also fixed the 

proper piston speed at 128 X "C^ strokes from which he calculated the power which would be 

developed »- area of piston X 7 X 128 X y/ strokes per minute -J- 33,000. With subsequent 
increases in boiler pressures with resulting increases in mean pressures, the difference between 
nominal horsepower and the actual horse power developed by the engine has become so great 
as to render Watt's rating useless. 
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the system. Thus, in a locomotive, the effective horse power given by the 
system (locomotive) to the cars is: 

puU on tender draw link X speed 
33,000 




Pigs. 3,126 and 3,127 .^Friction rope brakes. CTrans. A . 5. Af . £., vol. 24, p 739.). In the self* 
ad^ting rope brake, fig. 3,126, if the friction at the rim of the wheel increase, it will lift the 
weight A^ which action will Hiitiinigh the tension in the end B. of the rope, and thus prevent 
8 further increase in the friction . The same device can be used for a band briike of the ordinary 
construction. Where space below the wheel is limited, a cross bar C. supported by a chain 
tackle exactly at its central pomt, may be used as shown in fig. 3.127, uiereby caustnc^ the 
action ol the weight on the brake to be upward. A safety stop should be tised with either 
form, to prevent the weights being accidentally raised more than a certain amount. To 
compute we horse power, multiply the difference between the weight A, and the weight shown 
on spring balance B, by the number ol revolutions of the i>ulley per minute, and by the dr- 
ctumerence of a circle passing through the center of gravity of the rope expressed in feet; 
finally dividing the product b^r 33,000. The radius is measured at the point where that part 
of the rope under highest tension leaves the rim of the wheel. If the self-adjusting feature 
be omitted, the wei^t may be determined by the use of platform scales, the two ends of the 
rope being attached to a vertical stand suppooi^ed by the platform, and provision being made 
for adjusting the tension. 



Again, in a steamship the effective horse power given by the engine to 
the system (power plant and vessel) is: 

horse power delivered to shaft — loss due to slip. 
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Hydraulic Hone Power. — This may be defined as the horse power re- 
quired to elevate or force water against pressure; it is as usually measured 
the indicated horse power at the water end of a pump. In calculations of 
hydraulic horse power required to elevate water, it is necessary to under* 
.stand th« difference between: 

1. Static head, 

2. Dynamic head, 

3. Static hft, 

4. Dynamic lift. 

^::.■:^ 



PiO. 3,128.— View trf elevate tank wiUipum, ,^ 

being drawn upon aa shown . illuatratina the terms static lift, dynamic lift, static heaa, ana 
dimamic head. Statle htad is Ike hatU pom ■ (iim tani oj a cotumti, cr body of waltr 
at na(, considered ai causing or measuring pressure. Ovnomic h*ad ii on dtvinlmf or 
virtual head of water in molion aikich rtpraenli On ressUant ft"*" dm lo Uu htl^ cf Hit 
wattrfrom acnvn point, and ^trtsislamttofomdutiofrioiai. Ttiu, when WHlar ii made to 
flow through pipes or naitles there is a loss of bead. BjhuIbt defiiutinii apply to itatit 
Ufl, and dBtumtc lift. In the figure the dynamic head it fnolir than the atatic bead in 
tbesupplyline to the tank, and fusm the tank diflchajge line because oCfrictionaLnaistBnce to 
the flow of the water. Inordinary calculation, it iacomnwn practice to eatimatc ^lat «very 
foot head is equal to one-haU pound pressure per squarc inch, sa this allotra for oidmary 
friction in pipes. 

Static haad is the difference in elevation between the pump and height to wliich the water 

nt head allowing for increase in pressure due to the friction 
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These various terms are illustrated in figs. 4,002 to 4,006, which should 
be thoroughly understood. 

Ques. In calculating hydraulic horse power what should be considered . 
as producing pressure? 

Ans. The total d3niamic lift or total equivalent distance the water is to 
be elevated being equal to dynamic head + dynamic lift, 

Ques. How is the allowance which must be made for friction obtained 
in determining the dynamic head and dynamic lift. 

Ans. By consulting a table giving the friction of water in pipes. 

Electrical Horse Power. — It is desirable to establish the relation between 
waits and foot pounds in order to determine the capacity of an electric gen- 
erator or motor in terms of horse power. 

Since one watt is eqmvalent to 44.244 foot pounds, the electrical o<iuiva- 
lent of one horse power is: 

33,000 + 44.244 = 746 watts, or .746 k.w. 
Again, one kilowatt or l^OOO watts is equivalent to 
1,000 -&- 746 = 1.34 horse power. 

Ques. How is the electrical horse power of a motor obtained? 

Ans. By multiplying the readings taken from volt meter and ammeter, 
which gives the watts, and dividing the product by 746, the number of 
watts per horse power. 

That is: 

Electrical hoise power = volts X amperes ^ mttts 

746 746 

Efficiency. — In general the term efficiency may be defined as 
the ratio of the useful work performed by a prime mover to the energy 
expended, that is, the output divided by the input. 

In any power plant, however, it is important to distinguish 
between several kinds of efficiency, as: 

1 . With respect to the engine; 

a. Thermal efficiency. 
h. Mechanical efficiency. 
c. Combined efficiency. 
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2. With respect to the boiler; 



Pm. 2, \2B.— Thermal afflctenev. The best chargeable to an engine per lb, ot gteom 
diftn«DCe betw«eD the total heat in a lb, of steam (fiomlng ouf ) at the boUer preoui 
tbatinalb, of the feed water 0aJn« In the boiler. In the above case then, heat lir 
the boiler per lb, of steam - 1005.4 £.l.ii. Now the B.I.U. per mInuU used by the ( 
perlb. of ateamperV.A.ii. hour -1005.4+60 fia.76and if the oiBine require 60 lbs. of 



periJi.p. hour, thenf.l.u. per mmtUe per I'.ft.f. -16,76X50 
etoncv — (2.444.S3S-.0G. that is fi%. 



iO^sta^ 



le Iherntal «l 



Efficiency ot the Engine. — The kind of engine efficiency that is most 
important is the combined efficiency or the ratio of useful work performed 
W the ei^ine to the energy expended— flw output divided by the input, 
Qearly this involves both the thermal and mechanical efficiency whi(^ re- 
spectivdy takeintoaccoimt the f(«a)rt and /rMfwM losses. 
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Thermal Effldeneg.—A perfect engine con • 

\ verting all the heat energy of the ateam 'nto 

work would require: 

ids + 777.64 - 42.44B.*.*. 

indicated horse power. This 
dby the number of B,/.«. per 
consumed by an engine gives 
py, that is, its efficiency com- 
bct engine; expr^sed as an 

42.44 



3.t.u. per min. per i.h.p. 



FiC. 3,130.— Hoiatinsnimne illiu- 
tntlng mechuiicu stEcuncy. 
The power delivered at the 

power applkid to the piston by 

amount being equal to the 
fiiction of all the vorldos porta 
from the piitoD to the dnaa. 



In practice the thermal efficiency is alviays less than I, the difference 
representing the per cent losses, as by radiation, condensation, vtire drawing, 
leakage, drop, etc. 

Mechanical Efficiencu. — The statement tbat a given engine requires a 
certain number of pounds of steam per indicated horse power per hour does 
not represent the amount of energy expended in proportion to the useful 
work done, that is, it does not take into account the losses due to friction 
of the moving parts. Accordingly the povier delivered to the shaft will 
always be leas than the power applied to the piston, the difference being 
. in amount equal to the power lost by friction. Thus, in a certain engine 
6 per cent of the power is lost by friction, accordingly the power delivered 
to the shaft is 100% — 5% = 95% of the power supplied to the pistrai. 
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This percentage, 95%, or .95, as it is usually expressed, represents the ratio 
of the power delivered to the power applied and is known as the mechanical 
efl&ciency. 

By definition then, mechanical efficiency is the ratio of the power 
delivered to the power applied ^ that is, the power delivered to the diaft 
divided by the power applied to the piston — ^in other words, the brake 
horse power divided by the indicated horse power. Evidently then, the 
steam consumption of an engine as usually stated is only the apparent 
consumption and to obtain the true consumption the mechanical efficiency 
must be considered. 



Mechanical £fficien<^ of Various En^nes 



Kind of Engine 



Simple Engines 

Horizontal portable 

Horizontal portable 

High speed stationary 

High speed stationary 

Corliss, condensing 

Corliss, non-condensing 

Compound Engines 

Portable 

Horizontal stationary 

Horizontal mill engine. . , 

Corliss, condensing 

High sp€«d, condensing 

Pumping engines 

Vertical three cylinder compound electric 
lighting engines 

Triple Expansion Engines 

Vertical pumping engines 



Horse 
Power 


Efficiency 


25 


.86 


80 


.91 


50 


.92 


100 


.94 


150 


.85 


100 


.86 


80 


.88 


75 


.9 


300 


.86 


100 


.9 


46 


.87 


650 


.93 


6,000 


.97 


800 


.94 .to .97 



Example. — ^A certain engine developing 100 indicated horse power, requires 25 pounds of 
steam per indicated horse power hour and its mechanical efficiency is .87. What is the real 
steam consumption? 

The mechanical efficiency being .87, the power delivered to the shaft will be reduced to 

100 X .87 = 87 horse power 
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but the total steam supplied to the engine per hour is 

100 X 25 « 2.500 pounds 
and as only 87 horse power is delivered to the shaft, the true steam consumption is 

2.500 4- 87 a 28.7 pounds 
instead of 25 pounds. 

In general the mechanical efficiency of engines varies from .85 to .05. 

The following table, b)r Pemald and Orrok, gives a few efficiencies 
obtained from tests of engines imder normal but good working conditions: 

Consumption of Condensing Engines 

(Approximate steam consumption according to Kent) 



*#TC i> 


Steam Pressure 


Type of engme 


400 


300 


250 


200 


150 


100 


76 


60 




Lbs. of steam per hour per horse power 


Id^^l *«fft*nfi (Ratikii^^ f^cle) . . , , , . * . r 


6.95 
8.75 
9.25 
10.6 
14.0 


7.5 
9.15 
9.95 
11.25 
15.0 


7.9 

9.75 

10.5 

11.8 

15.8 


8.45 
10.6 
11.15 
12.7 
16.8 


9.2 
11.6 
12.3 
13.9 
18.4 


10.5 
18.0 
14.0 
15.6 
20.4 


11.4 
14.0 
15.1 
16.9 
22.7 


12.9 
16.6 
16.7 
18.9 
25.2 


Quadruple expansion wastes 20 per cent 
Triple expansion wastes 25 per cent .... 

Ccxnpotmd wastes, 33 per cent 

Simple engine wastes , 60 per cent 



The following example will illustrate the importance of considering me- 
chanical efficiency in selecting a boiler. 

Example. — 150 brake horse power is required to run a certain factory. If a compound 
condensing engine be installed having a mechanical efficiency of .86 and requires 21 pounds of 
steam per indicated horse power hour, initial pressure being 150 pounds and the feed water 
returned to boiler at 122° Pahr. , what size boiler should be provided allowing an excess capacity 
of 26% for overload and steam supplied to auxiliaries, etc.? 

Since 150 horse power must be delivered for the fly wheel and the mechanical efficiency is 
.86, the engine must develop 

150 •^ .86 = 174.4, say 175 indicated horse power 

The total steam supplied to the engine is 

176 X 21 = 3,675 poimds per hour. 

Allowing 26% excess capacity, total steam to be supplied by the boiler is 

3,676 X 1.25 B 4,594 pounds per hour at 150 pounds Pressure, 



•NOTE. — ^These en^es are of the usual ratios of expansion. A 1 to 7 compound will be as 
economical as a 1 to 7 triple or quadruple expansion engine. It is conservative to say that com- 
pound engines maynow be built to produce an indicated horse power on 12.6 lb. of saturated 
steam per hour. With high degree of superheat the 10-lb. mark has been x>assed but it resulte 
were calculated on the basis of saturated steam the figures would barely reach 10 lb. Prom 
23 fotir-valve engines in commercial operation, Barrus reports: 1 falls below 12 lb.; 3 fall below 
13 lb.; 16 fall below 14 lb.; only 3 fall above 14 \h.~Fernald and Orrok. 
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The factor of evaporation for steam at 150 pounds pressure generated 
from feed water havmg a temperature of 122* is (from table) 1.1388, hence 
equivalent amount of steam tol>e generated ^frotn and at fSlIB^'* is 

4,594 X 1.1388 = 5.232 pounds per hour. 

The boiler capacity required then is: 

5,232 -^ 34J^ = 152 horse power. 

If in making the above calculation the mechanical efficiency were 
neglected, the boiler capacity would have been less than the above value 
in the proportion of: 

1 - 21 -J- (21 -^ .86) = .14, that is 14% or 20 horse power. 

That is, calculated boiler capacity would have been 152 — 21 = 131 
horse power instead of 152 horse power. 

Hence the energy output of the dynamo is 

25 X .83 - 20.8 hone pow«r» or 

.746 X 20.8 - 15.6 lew. 
The current output is 

15.5 X 1,000 

— 140.0 amperes. 

no 

Boiler Effieieney. — In general, the efficiency of the boiler is defined as 
the percentage of the total heat generated by the combustion of the fuel which is 
utihsed in heating the water and generating the steam. This is evidently the 
combined or overall efficiency, being the product of: 

1. Efficiency of the grate. 

2. Efficiency of the furnace. 

3. Efficiency of the heating surface. 

4. Effiicency of the boiler covering or insulating material. 

The heat losses chargeable to the grate and furnace are those resulting 
from fuel dropping through the grates or withdrawn from the furnace, 
including the solid combustible matter in the cinders, sparks, flue dust, etc. 

Considerable heat is lost due to bad proportion or condition of the heating 
surface. 

The heat lost through the covering or insulating material of the boiler is 
not easily determined, especially if the boiler be enclosed in brickwork. 
The average loss for a brick setting is about 3%. 

In determining the "efficiency" of a boiler (meaning the combined 
efficiency of the 4 above factors) the ratio is found between the htat 
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absorbed per pound of dry coal and Ike heal (calorific) valut of one pound oj 
dry coat, or the ratio of the two based on coal as find.* 

With hard coal the heating value of the combustible portion (the part 
that bums) is very nearly 14,800B.i.u. per pound, equal to an evaporation 
of 14,800 + 970.4 = 15.25 pounds of water from and at 212" Fahr. 

A boiler which when tested with this coal shows an evaporation of 12 
poundsof water per pound of combustible, has an efficiency ot 12 + 15.25 = 
78.69%, as shown in fig. 3,131. This value is seldom approximated in 
practice. 

The diHerence between the efficiency obtained by test and 100% is the 
sum of the various losses, the largest being the heat carried away by the 
chimney gases. 



£iamp(B.— The equivalent steam 
consumption (from and at 212°) of a 
certain engine of 100i.h-p- is 20 pounds 
per horse power hour. Anthracite coal 
having a beating value of 14,800 B.i.h. 
b.TU per pound is used. Assuming 15% 
lERE passes through the grate as ash and un- 
bumed coal, how much coal is required 

Total steam required to run the 

'* 20 X 100 " 2,000 pounds per hour 

al passes through Che grate Che percenUge available f or combustion is 

100% - 15% - 85% 
ilue 14.800B.f.ii. is reduced to 
100 X .85 = 12,5S0B.(.u. per pound of coal fired 

-^ 970.1 — 12.96 pDonds per pound of coal fired. 





2.000 -i- 12.98 - 15.43 pounds per hour 




•NOTE 

which passe 
approiimatc 
coal due to 


rtans the portion of the fuel that is burned- the total weight of coal 

on ond vnlalili mailer. Ihe maiUHre OBd ash bring excluiid. By som 
y and free from ash. and by others, pare coal. 


Ulle^that 
tumi^ies aa 
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Combined EfficiencB. — In any system comprising several elements, as 
an engine and boiler, an engine connected to a dynamo, or to a pump, etc , 
the combined efficiency (sometimes called the overall efficiency) i? the factor 
whichincludestheeffidency of each element. By definition, the combined 
efficiency of a system composed of several elements is the product of the 
efficiencies of each element. Thus in a system composed of two elements, 
engine and boiler, the combined efficiency is the product of the engine 
efficiency multiplied by the boiler efficiency. 

Eiample.— iTi a certain pumping plant, as shown in fig. 3,133, thet* is a power pump 
connected by belt drive to an ciminc . If the efficiency of the various elements be: boiler 73 %j 
enBine:therniall5%.Biechanical95%,beltdriveB8%.pump95%. what IS the combmed Of overall 
^deney? 



The prodact o£ the above efficiencies is the co 



ExBinplt. — In A 25 hoiae power 110 volt direct connected Beneiator se 
efficiency 0£ the engine ia .92 and efficiency of dynuno .0. "What is the en 
ou^ut of the dynamo? 



.749X20,8" 15,5 Itw 
It output is 

15.5X1.000-MlO=l*0.9fli 



Net or Commercial Efficiency.— H the entire plant be 
regarded not merely from the standpoint of combined efficiency 
of the power system but also takes into consideration its cost, 
depreciation, maintenance, etc., a. true idra of the actual cost of 
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the power is obtained. A factor may be fotind which takes into 
account all these items and which is called the net efficiency. It 
must be evident that this is a most important point, for upon it, 
depends ihe actual cost of the power. 




10 



20 50 

MEAN PRESSURE 



Pig. 3 , 133 .—Mechanical efficiency curve. In conatruetion, it is drawn for any engine by 
taking the value brake horse power vindicated horse Pjower for various mean effective pr es auics 
and setting off the value of the fraction to a vertical scale of percentage, and joining the 
points thus found. It will thus be evident that, so far as the mechanical efficiency is con- 
cerned, an engine should be worked up to its full load to obtain the maximum efficiency. 
The friction of an enf^ine does, no doubt, to some extent increase with the load, but the 
proportional increase is so small as practically not to affect the result. The above remaiks 
assume perfect efficiency of lubrication . Thurston gives the following values for the vdative 
distribution of the friction in an engine with a balanced slide-valve: Main bearings, 47 per 
cent.; piston and rod, 32.9; crank pm 6.8; cross head and wrist pin, 5.4; valve and rod, 2.5; 
eccentric strap, 5.3 per cent. The f notional resistance of engines in general varies from 
about 8 per cent, to 20 per cent, of the full power. 



Example. — ^Two iy^es of power plants are to be considered for a certain 
proposed installation. Plant A: Cost $1,000; depredation and main- 
tenance, 5%; coal per hdrse power hour, 5 pounds. Plant B: Cost $5,000 
depredation and maintenance, 8%; coal, per horse power per hour, 1.5 
pounds. With coal at $3.00 per ton, and interest at 6% on the investment, 
which plant is the more efhdent commercially each operating 10 hours per 
day, 300 days per year? 
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Plant A* Coal used per horse power per year* 

6 X'lO X 300 = 16,000 pounds or 7.6 tons. 

Cost of fuel per year — 7.6 X 6 « 37.6 

Depredation and maintenance, 1,00Q X .06 60 

Interest on the investment, 1,000 X .06 60 

Actual cost of the power per horse power year $147 . 6 (1) 

Plant B. Coal used per horse power per year. 

1.6 X 10 X 300 » 4,600 pounds or 2.26 tons. 

Cost of fuel per year, 2.26 X 6 « 11 .25 

Depreciation and maintenance, 6,000 X .06 » 400 

Interest on the investment, 6,000 X .06 300 

Actual cost of the power per horse power year $711 . 25 (2) 

Comparing items (1) and (2), plant A is 711.26 + 147.6 » 4.8 times more 
efficient commercially than plant B. That is, calling the net efficiency of 
plant A, 100%, then the net efficiency of plant B, is 147.6 + 711.25 = .207, 
that is, 20.7% as efficient as plant A. 

Factors Governing Steam Engine Economy. — The steam 
and coal economy of engines is an important point in determining 
the relative value of different types and combinations of engines 
and boilers. 

In general, cost depreciation, attendance, repairs, etc. , increase 
with the economy, that is, the more efficient the engine, the more 
costly the plant and maintenance. Accordingly, to determine 
what degree of economy will give the best net efficiency for a 
given set of conditions is a problem reqtiiring considerable 
knowledge and experience; this is quite evident from the example 
of net efRcieney given on page 1,632. 

The factors which govern the economy of the engine itself, 
that is, its steam constusption, may be classified under several 
groups, as: 

1 . With regp^t to the steaai; 
(|. Initial ps^isme^^ 

^, Qualit;^ q( tte steam. 
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c. Degree of expansion. g. Range of temperature. 

d. Condensation. h. Back pressure. 
H e. Re-evaporation. i. Compression. 

/. Leakage. i, Uni-flow distribution. 

2. With respect to construction; 

a. Cylinder proportions. c. Jackets. 

b. Clearance. d. Joints. 

3. With respect to the method of expanding the steam; 

a. Single stage expansion. b. Multi-stage expansion. 

c. Jacketted transfer expansion 
(see fig. 1,263 author's system.) 

4. With respect to operation; 

a. Piston speed. c. Wire drawing. 

b. Rotative speed. d» Variable load. 

5. With respect to the method of governing; 

e. Throttle. &. Cut ofif. 

6. With respect to the piping atixiliary apparatus; 

a. Main steam pipe. d. Reheaters. 

b. Reducing valves. e. Exhaust pipe. 

c. Separators. /. Condenser. 

7. Altitude (back pressure). 

All the items tabulated above have a direct effect on the steam 
consumption of the engine, as will now be explained in the order 
given. 



1. The Steam 



Initial Pressure. — It has been carelessly and erroneously 
stated by most writers that the ejfficiency varies directly with the 
initial pressvLTe* ,^. .. 

*NOTB. — ^The economical effect of each factor depends largeily upon the other factors, 
that is, any one factor cannot be isolated but must be considered fo^thef with all the other con- 
ditions of operation. . . , . 
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The falsity of this statement is clearly seen in figg. 3,141 atid3,142, which 
show that the effect of varying the pressure depends largely upon values 
given to the other factors. 

Accordingly the following statement; 

The effect of increasing the initial pressure is to increase the 
economy provided that proper values be given to the other 
foctors. 

These factors are numerous, such as, quality of the steam, degree of 



A B C A e 

Pics. 3.141 &nd 3,UZ.—El!fei:tof varying tb^mitia 

diraUy with Ihi imilial praiure. In fig. 3,141, s _, 

of & ete&m pump taking ste&m full Btroke of length AB. Suppose the_praBurc be oQuoieu, 
the work dans and amount of iMam uird will both be appraiSnateiy doubled with no gain 
(11 economy. Now. coniiderina caid M, if the stroke be entended to C. and the steam be 
expanded from B, to C, the work done will be incieafled by the area L, which will increase 
the economy. Comparing thid with simply increasing the pressure without Eapansioa 
(cards M + 5) <t ia evident that the prtssure may bt liurvued uiU, no Increiue in economy. 
Aaain in fig. 3,142, if the pressure be doubled and the steam be eipanded from B, to some 
pomt C. such as will give an additional card area F greater iti proportion to M 4- S, than L 
(fig- 3,141) is to M, the efficiency will be increased, that is, imrtasins the iniHot presstae in 
connexion vftlh adgquat^ expansion Miill increast tht ectMomy. It shoKld bi ttoted, kcvatr, 
Uu full thetnliail betufit dut lo ixpansion U not eottlble in fraaice, balaai of injbienciitt 



L 
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the lolal sleam consumption of a IkroUUng engine be phtted as ordiruiles on a 
horse flower or mean pressure base, the result is an oblige straight line, as in 
fig. 3,143; it is accordingly sometimes called the straight line law. 

While the law applies especially to throttling engines, it applies afi^oxi- 
mately to Corliss, and probably other cut oS engines up to tiie most 
economical load. 

_ The mogt desirable initial pressure, depends on the kind of economy 
aimed at (whether thermal, combined, or commercial economy) and can 
only be determined by carefully considering all the factors entering into 
eac^ individual case. 



Pig. 3,1*3.— 1^ Wlllm' jlralghlUnm 

IB interaectbiu of thg oid^tes and abwiua. at 



.. _____ , _._ .. ed cut off von&blc pressunt ft 

li the total ncom CDBsuiniitian Oa, Oft, Of, be pkitted on the Y, uii, and tfafl eo 
abKilute main Tr»MureOa\ Ob', Oc'.oa the X/iiis,obtAiiicdfroint«lrta with yiri 



Quality of the Steam. — The quality of the steam supplied 
to an engine is an important consideration, as it has a marked 
influence on the economy. The steam delivered for a boiler 
niay be, either: 
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1. Wet. 

2. Satur- 
ated, or, 

3. Super- 



influence on the 
dry steam con- 
sumption of the 

theless represents 
so much energy 
removed from the 



with boilers fur- 
nishing wet steam , 
a, separator should 
be used. 



The separator 
. placed as near the 
engine as possible, 
so this water may 
be recovered and 
returned to the 
boiler by suitable 
means.* 

Fis. 3,lit.—QuaUtf<atlu»ttam.—TbapbenoiaeDoaiagUtmtac»pi'Vfroniibaleriaat' 
tratta ths tlins kmdi of stcua supplied to enginu: I, aup^haattd ■Mam is uud with 
bieh eipanstoa ratioa to secure enat econcimy by pnveotiiig cylinder cDndenutioni 1, 
aaturatta *t»ain is tbe kind seoerally used where msderate desree of economy ii Kiu^ti 
very good results are obtained in single jacketted cylinders with moderate pnimues and high 
degrees of upannoa: >, iHt ttmun i« the Idnd to be avoided except in sp«ci»l caw* (fig. 3. UT) 
but is the kind the engine usually geta, due to improper plant donga. 
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Ques. Und«r what conditions is the use of saturated 
steam permisslbie? 

Ans. Saturated steam may be used in non-jacketted cylinders 

"ith a moderate degree of 

[pension or in jacketted 

,'linders with a high degree 



■ FlQ. 3, 148.— Throttling cak 
I .. '-(.o/Xinchbi 



and fittlDnlndik 
pair of fisEM. I 



. orifice plate 



box. In tttilBg, the percentage of 
moliture Is detamiaod by obsnviiiB 
the munber of deuu-i of cooling that 
Ibe thennometer in the low pnnate 
(team ihom below the noimal read- 
ing for dry steam, and dividing that 
nambet by the oinitant nomber of 
degieea rtpreseating I per cent of 
moisture. To determine the normal 
reading of tlie low preagute thermom- 
eter corcetpondmi to dry iteam. the 
hutmrnent ahoi^ be attached to a 
hoiiiontal steam pipe In such a way 
that the BmpUng nonle pci^ecta up- 
ward to near Ok top at xat [dpe. 
there bdng no perfbtatioos and the 



made when theateam in the iripe Is In a 
tlie steam presnue is maintained constantly at the point lAieived 

.. tam prenure f^ during the time when the obKivatlonB are beiDC 

made, the test should be coatlnued long enough to obtain the effect of an equivalent rise cf 
pceasore. To find the constant for I percent d moisture, dividt tht IMnI iwM ti Ih* ileon 
ntpliti ta titt aiorimeler al Ikf obserstd prtsstire or Umtaatati by Ike sftcific lual ci SHptr- 
iuaUi ileam ai MmasphtrU praimrt i-iB) and diddt 'Ac gtiotitnt by 100, Finally ascertain tbe 
Derc»ntBie of moisture by dividing the numbtr ol dtgras cf coalini by tkt canstanl, ai above 
ie Quantity of steam used by the calorimeter It is usually sufSdent to 

, J -rom the area of the orifice and the absolute presBure, udng Napier's 

formula for the number of lb. which posses through per second; that is, obsoiMe presstirt in 
tb, par sq. in. dimdtd by 70 and inutliplitd (n Uic aria of orifict in sj. in. To deUrmine the 
quantity by actual test, a steam hose maybe attached to tlie outlet of the calorimeter and 
carried to a barrel of water on platform scales. The amount of steam condensed in a certain 
time is determined, and thereby the quantity discharged per hour. 



obtained of the smomit of iteam actually used by the engine, to produce a horse p 
for the Gleam may contain a large amount of ineffective moisture in the form ■ 
as much in weight, in sn extreme cau. as the weight of the steam itself. This qi 
determined by testing with a cslorimetei- Calorimeters may now be bought w 
relisble If used Bccording to instructions which go with them. 
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That is, with unjacketted cylinders the temperature range should be 
moderate, but with jacketted cylinders the range should be high, the con- 
trolling factor being condensation. 

Ques. What is the advantage of using superheated 
steam? 

Ans. It reduces or prevents condensation. 

Ques. What are the disadvantages? 

/Ans. Increased difficulty of securing proper lubrication, 
highness of stuffing boxes, higher first cost and depreciation. 
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Pig. 3,149. — ^Economy curves for various sizes of grid iron valve compound condensing engines, 
variable load with saturated and superheated steam. Boiler pressure, 165 pounds, 100^ 
Pahr. sux>erfaeat. 

Ques* What is the savhig due to superheathig? 

Ans. According to Ripper, the condensation at cut-oflf is 
reduced 1 per cent for each 7.5 degrees Fahrenheit of superheat.* 

Ques. What conditions favor superheat? 

Ans. High degree of expansion, slow speed, constant load, 
and high fuel cost. 

Ques. How much superheat should be given to the 
steam? 



•NOTE. — ^Thc value arrived at is from experiments made by Rippjer on a small Schmidt 
engine cylinder. The figure applies only to their experiments, and they will, of course, be subject 
to some modification for the numerous types of engines and variable conditions occurring in 
practice. 
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Ans. For maxi- 
mum saving pos- 
sible, the degree of 
superheating 
should be such 
that the steam is 
exhausted in a 
saturated state. 

Since the object of 
superheating the 
steam is to reduce 
or prevent conden- 
sation, evidently if 
tlie superheating be 
carried so far as to 
give a supo-heated 
exhaust thus would 
represent so much 



carried to the extent 
of giving a super- 
heated exhaust, in 
fact the exhaust is, as 
a rule, not even satur- 
ated but net. 



D^ee of Ex- 
pansion. — Theo- 
retically, efficiency 

varies directly with 
the ratio or number 
of expansions. 

Ihis is illustrated 
in fig. 3,160. For ex- 
ample, if in the 
figure the shaded 
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D and called unity, then if 



and the total work dc«ie will equal unity plus these values, that is 1 + hyp. 
log. of thenumberofcispansions, hence t^ expanding the steam the work 13 
iiureased .6931, 1.3863, etc., fold. 



Tigs. 3.IE1 and 3,I52.~-Ooi>d and poor valvsansiieeiiients for high degne of expansion in one 
eylind«. With the very Email clearance io fig. S.lSl, a very short cut off may he employed 
to advantage, but nith the aiTsag«]»ent shown ia Gg. 3. Ih. the saving due to very short 
cut off is largely offest by the eSect oC the eiceaive Gleuanco nhieh is an inherent defect ot 
the Meyet cut oil gear. 

.Ques. Is this proportl(m of gain obtained in practice? 

Ans. No. 
Oues. Why? 

Ans. Because of influencing factors, such as the quality of 
the steam, condensation, leakage, clearance, action of the valve 

gear, etc. 
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Qvk^. How many expansions ordinarily desirable in 
single cylinder non-jacketted stationary engines? 

Ans. From three to Ave non-condensing and from Ave to 
seven condensing, 

Ques. How many expansions are desirable in single 
cylinder jacketted engines? 

Ans. From Ave to seven non-condensing, and from seven to 
ten condensing, depending on the type of valves and valve gear 
used, especially with reference to clearance and the action of 
the gear. 

Condensation and Re-evaporation. — In the operation of 
a steam engine the walls are alternately heated and cooled during 
each revolution, because of the variably temperatures of the 
steam in passing through the cylinder. Since these changes 
occur so rapidly-it is not possible for the metal of the containing 
surface (consisting of cylinder walls, heads, steam passages and 
piston) to change its temperature in like manner. 

What happens is this: the metal is heated to some intermediate 
temperature — less than that of the incoming steam and greater 
than that of the outgoing steam, 

^ The result is that steam, admitte^l ai high pressure and correspondingly 
high temperature, meets the relatively <^d metal and part of it condenses, 
this condensation continues until some point during expansion is reached 
where the temperature of the steam (because of the decrease in pressure) 
is reduced to that of the cylinder metal. 

A further reduction in pressure (due to continued expansion and drop) 
causes the temperature of the steam to become less than that of the metal, 
accordingly part of the condensate is re-evaporated. 

While this re-evaporation effects a small gain by elevating the expansion 
line, it is more than ofifset by the heat taken from the metal, that is, the 
resultant effect is a loss.* In other words, the reduction in temperature of 
the metal due to evaporation causes more loss by condensation than is 
gained by the elevation of the expansion line on the indicator card. 



•NOTE. — ^The term la»s by re-evaporation is used so frequently by writers, that no doubt, 
a wropg impression is conveyed to most readers. It should be distinctly understood that 
re-evaporation causes a sain by increasing the area of the indicator cord; it is tne coat of obtaining 
this gain (i.e., robbing the cylinder metcu of heat) that offsets this gain by a greater Iom. 
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Ques. Ordinarily liow mucli condensation occurs in 
single unjadcetted cylinders using saturated steam? 

Ans. From 10 to 60 per cent. 

The following table is from the catalogue of the Buckeye Engine Co., 
builders of "automatic" cut off engines with riding cut off and special valve 
gear. The table is based on an initial pressure of 80 lbs. and different points 
of cut off with Buckeye Engines and others having similar clearance: 

Water Ck>n8uiiiption and CSondensation Loss at Various Gut Ofifs 









Indicated 


Assumed Rate 




Cutoff 




Absolute 


Rate 

Lbs. of 






Product 


in 






of 


%of 


M.E.P. 


terminal 


water 






columns 


stroke 




pressure 


perLH.P. 
per hour 


Actual 
rate 


%Loss 


land 6 


.1 


18 


11 


20 


32 


58 


5.8 


.15 


27 


15 


19 


27 


41 


6.15 


.2 


35 


20 


19 


25 


31.5 


6.3 


.25 


42 


25 


20 


26 


25 


6.25 


.3 


48 


30 


20 


24 


21.8 


6.54 


.35 


53 


35 


21 


25 


19 


6.65 


.4 


57 


38 


22 


26 


16.7 


6.68 


.45 


61 


43 


23 


27 


15 


6.75 


.5 


64 


48 


24 


27 


13.6 


6.8 



It appears from the table that while the best indicated economy is when 
the cut off is from 15 to 20% of the stroke, the most economical cut off, 
considering the un-indicated loss, is at 30% of the stroke. The last column 
shows that the actual amotmt of cylinder condensation is practically a 
constant percentage of the cylinder volume up to the point of cut off, 
increasing only for 5.8% at 1-10 cut off to 6.8% at }4 cut off. 



NOTB.— As emessed b^ Rankine: "Conduction of heat to and from the metal of the 
cylinder, or to and from liquid water contained in the cylinder, has the effect of lowering the 
pressure at the beginning and raising it at the end of the stroke, the lowering effect being on 
the whole greater than the raising 'c^ect. In some experiments the quality of steam wasted 
through alternately liquefaction and evaporation in the cylinder has been found to be greater 
than the quantity which performed the work." 
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Temperature Range. — When ihe temperature of the steam is 
greater or less than that of the cylinder y a transfer of heat takes place 
respectively from or to the steam. 

Experiments show that this transfer takes place at the ratp oi BO to 26 
B.t.u, per square foot of the cylinder metal per degree of temperature difference 
per minute. 

Accordingly the greater the temperature difference ^ the greater the losses due to 
condensation and indirectly to re^efjapordlion^ and due to these effects steam 
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Fig. 3,154. — Diagram showing relation between cut off and percentage of initial condensation. 
It has been found by experiment that heat transfer takes place to^ and from the cylinder 
walls at the rate of from 20 to 2b B.t.u. per square foot per a^;ree difference of temperature 
per minute {Marks.) Since most of the condensation occurs during admission the quality of 
-the steam at cut off is a measure of the economy. This may be ascertained by comparison of 
Ihe indicator diagram with the experimentally determined steam consumption. The quality 
-of the steam at cut off and economy are directly influenced by the size of the cylinder, speed, 
.and ntunber of expansions. 

can be expanded only to a limited degree in a single cylinder without in- 
curring losses that more than offset the gain due to expansion. 

Cylinder condensation depends, directly on the mean temperature of the 
.cylinder metal; this in turn depaids on: 

1. Temperature range, and 

2. Cut off. 
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It mu£t be evident 
that for a given tem- 
perature range then 



of ike cylinder metal 
may vary largely, thus 
affecting the conden- 
sation correspoodiiigly . 



For instance, if 
steam were admitted 
full atroke the metal 

would be heated by 
steam at hi|^ tempera- 
ture during the enter- 
ing Gtroke and only 
exposed to steam cd 
, low temperature dur- 
[ ing the ^haust stroke; 
I under these coilditions 



Again, */ c\ 
early, the 



I early, the metal would 

^ be heated by steam at 

e high temperature only 

^ a portion of the stroke, 

« and would be cooled 

% by steam of low tem- 

I perature during the 

„ rest of the stroke and 

'S during exhaust, reEult- 

■§ ing in a relatively low 

3 temperature of the 

'^ mptiil . 



It Should also be 
: noted tfwt the meem 
; temperature of the 
\ metal may remain con- 
I stant for various tem- 
I perature ranges, in 
which case the 
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Back Pressure. — This is the pressure which acts an the advanc- 
ing face of the piston and opposes its motion. 

In the operation of a non-condensing or condensing engine the back 
pressure is normally higher than the atmospheric, or condenser pressure 
respectively. This difference of pressure is due to frictional resistance which 
the steam encounters in the exhaust pipe and passages. It is in practice 
nearly always too great due to false economy in the use of exhaust pipes 
too small, together with a multiplicitu of close elbows instead of a mini" 
mum number of easy bends. 

In no case should the exhaust pipe be smaller than will discharge 
the steam at a inelpcity of not over 4flOO feet per minute, 

5PRIN6 80 

REV5. — 100 
STEAM — 120 
CUT-OFF — 15" 
EXHAUST— TO ESCAPE 
I. H. R — 390.3 




SPRIN'S 80 




REVS. — 


9^ 


STEAM — 


MS 


CUT-OFF — 


15" 


EXHAUST — 


TO STACK 


I.H.P. — 


521 



Figs. 3,159 and 3,160. — ^Two diagrams from a non-condensing steam lifter engine showing ex- 
cessive back pressure due to poorly designed exhaust Une. Pig. 3,169, exhaust to atmosphere; 
fig. 3,160 exhaust to stack. The excess backpressures above the atmosphere are for the two 
cases, 5 and 10 pounds respectively. There u no excuaefor such performance , and radical 
changes should be made in the exhatist line where any sudi cards are obtained. The cards 
are a striking example of very bad practice. No doubt the exhaust pipe was too small and 
possibly there was msufEicient exhaust port opening in the engines. Added to this, a few 
close elbows, a three way cock with less than full opening and the excess pressure required for 
the blast in the stack, account for the high back pressure, however, the cosd wasted because 
of such conditions is not usually considered. 

It is not always the fault of the exhaust pipe but the engine may be badly 
proportioned and it should be ascertained that the steam and exhaust 
passages forming a part of the cylinder have been properly proportioned, 
especially in single valve engines where the steam is admitted and exhausted 
through the same passage.* 
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Compression. — ^The reasons for compression are: 
1. To ftimish a cushion of gradually increasing resistance in 
order to bring the moving parts to rest and change the direction 
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Fig. 3.161. — An arrangement of exhaust piping which was expected to give a 24 inch vacuum. 
btU didn't. The resmts obtained in this particular case was 12 to 15 inches. The only reason 
for this arrangement were convenienut and ignorance of conditions affecting back pressure. 
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CONDE^NSER CANNOT DRAIN 
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CONDENSER TUBES 



RETURN PIPE. 



Fig. 3.162. — Another arrangement of exhaust piping which was expected to give a 24 inch 
vacuum, biU didn't. MS. is a keel condenser on a small boat; it was attached to the hull 
in a horizontal position^ that is, parallel to the water line with the idea that, in this position, 
it would offer least resistance to the motion of the boat. When the boat was running full 
. »)eed. the stem settled so that the condenser became inclined to some position as LF. Since 
the "return" to air pump was at the forward end. the condenser would not drain, hence 
there was little or no vacuum. Satisfactorv -esidts were not obtained until the condenser was 
pitched downward as represented by the dotted line MS'. 



*NOTE.-— The imi>ortance of this must be apparent when it is considered that some engines 
operate with mean effective pressures as low as 20 pounds. In such case, if the back pressure 
be unnecessarily elevated 1 pound, the loss is 1-20 or 5%. Figure 5% of the cost of coal per 
year, or 1 % for tiiat matter, and the result will illustrate how important it is to reduce the 
back pressure to a minimum by a direct and correctly proportioned exhaust line. 
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fl8t» S.t6S to S,l6I^-4%focrMM. OhMtmiac •oonoaie effect of c o m p wi o n CiM* 1.— Cefli#rcfs/fif fo inMal 

wtwi t>« «H «tfo«i *• W n tfw Bw i (I. c. BO drop) la fig. S46S. the work c< c o m p wi o n Bwuimd by the ilwded i 

h eVIfl to tlM work «f espaaaatt of tto ckanuM* ilcem meaanfcd by tlM same dwded a^ 

cf tho It— I ifted fai the cyliader ie the eame m if there wew no eompwtiion and no cleeraace Oneff.< 

*illM#r«twr»«4Mf*«'cl«iro#. In fl». S.ltt. let the tenainal pi e ewtf e eot. dwp to e> Evidently in this i 

pedtivo work of tke dea^aace iteam is meaaiued by the shaded area M, and the resistaace of the work of compreiiioB foe 

dearanoe steam by ^ mote esteashre ana IC-f 8. theylidbtockagea S.beingtheeaceas of fesistanoe-over positiVa work 

due to dearainoe. Heaoe, wiftM Om* is droih M* work cf eemprtssimt l»iBitial pwssuia is so great that the net efllci eac y 

•f the steam is rednoed by it. One tn.^-Comprt$$iMt to <ees Ikaa inUM frunart when there is 4t9m (case of greatest 

aflkienqr) -Tba priaciple en whkh the period a< compression is to be taatIL ft)r;eneu«ag the greatest efficiency of the 

afhole steam eoasomed is based on the fact that the qoaatity of work reguired to oomprem the efliaast steam increases ia 

a.graater ratio, than the qoahtity of steam saved by compremion; that is, far efvef lacreoMMlx c/f Isem Mtwtf , lA« eantspemi- 

Mf inerim€tit$'efwork txpmi^ incrtmu fqatfaaeWy^ In other words it is UMle^ and wasteful of work to save a giaater 

Quantity of ctaai»hy 'obaksrsesion than that of which each increment eeveraUy will yield at leaet as much useful work dona 

en the piston as is expended in oomppsesing it Da d a mmt mi rmtm, let piston area be 1 sq. in.; stroke. < ft.; cl ea r a nce . 7%; 

initial jiressofa, 06 Ibe.; cut off 2 ft By suaple calculation for these conditione, the ratio el the numerical values for Ifte 

ffaa«(<tyi^i<Min<s#«HiMieli«mlworftioa«»fMo«l«Dai#rcgalp«<ifoundto be(1t.ttt) This proportion is the standard 

ratio with which thai of the corresponding valn^e for pnmpwwed steam is to be eompmnd, under the given conditiona 

la fig. 3.168 let the exhaust be ckeed progrmsively earlier so that steam may be c e mpi ee s ed to preeeures indicated by tiia 

alevatiene lf.a.r and/; being equal increments of pr eei u re. Now dnee the pottioa of thereeisting ana below the line (W. 

fwaaias unchaaged whetiw^then be c e m p i ess i o n or noi.'thas.oaly portioaa of the works of co mp i eesi on thet need be 

broiight into calculation in the pr ese nt argument an the eatra portfene ■the triaagidar aectioBS lying above the exhaust 

line namely, utmo, #40, r$o iae? Now. the sueeemive dMrerenofS tf Hkcte ores«, or i ncrem e nts of work 

«al tki t m trtmt t ofinrkt r«tmni l»prohU9 tit* mecttthg agna/fa^r w i ea fi tjtn u mt <« l*e cisereacr ipact, theee 1 

elffleroM^as er hhrnunU cfwmrk enei being projected and shown a«pantdy for deamem by the ehaded and solid btadc 

areas L.iCRtP 1r faleuiaHais. 1k» rolio qf Uke jtesai utpmiH tmd Ifee rut work ibmt iwrimg A* gtrokt mtt: for L, 1 to 176; 

fpr A I'to 196; fjor R. 1 to 701 for P. 1 to .666. and at piwriously ohtaJae4 without cnropmsion (1 «a JR6) 

At Ungthi it appeal^ that for aaeh increment redaimad. the jacrement ef c o m p tea MW work as Of. A.:R or F). even the 

last and greateet increment P. k lem comparatively than the fwrsepniiding increment of aiet work done by the eteam on 

the iMston (as I. a, r. or /) which in the caee of P. and f. is in the ratio .866 to M$. From this it wouM appear that the 

whaust steam mJiiht with eco n omi c advaataga be com pr ssi ed in 'the flu n r a nce epate to iaitiat prsesury . Noteo,forbv 

dividing Hf . into mon miaute ineremenU. say 10. it ie found that by ooayreasing taabont »88 ef Hf . the hjghsat ifHikacy 

U obtained under the cbnditieoe as e u med. Tbecalculalka*forthertMfva%n«taiatobeloaadia**naJlMaiAitfa».* 

byD.K Cl«fk(PMtd;9a|eia60to86MbeiiWPi«ssated|agraatdelaa.* 
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of the force acting upon them without the shock which would 
follow upon the sudden opening of the valve. 

2. To improve the economy by filling the clearance space 
with steam that otherwise would be wasted. 

By dosmg the exhaust before the end of the stroke a portion of the exhaust 
steam is compressed into the clearance space, thus this steam is utilized 
in filling the clearance space instead of taking a supply from the boiler. 

If the expansion be cotUinuous, that is, expanding down to the back 
pressure, and if compression begin early enough to compress to initial 
pressure, then the work of compression will eqtml the work of expansion, 
and no live steam will be required to fill the clearance space, hence the work 
and efficiency of the steam used in the cylinders is the same as if there were 
no compression and no clearance. 

// there be drop, the work of compression to the initial pressure is 
greater than the work done by expansion of the dearance steam, resulting 
m a loss. In such case, the loss may be avoided b}r a later dosing of the 
exhaust valve compressing the steam to less than initial pressure. 

The general opinion prevails that the greatest saving due to compression 
is obtamed by compressing to initial pressure whether there be drop or no 
drop, however, in all cases the best results are obtained by compressing to 
a pressure less than the initial pressure, as illustrated in figs. 3,163 to 
3465.* 

In practice, re-evaporation during the first part of compression will have 
considerable influence upon compression, raising the pressure at various 
points above normal. f 

In engines not having independently driven exhaust valves, and varying 
the cut off by the method of combined variable angular advance and 
variable throw, the compression is increased as the cut off is shortened, 
moreover, the exhaust becomes cramped due to the decreasing travel of 
the valve. 



*NOTE.-- D. K. Clark (Steam Engine, pa^es 390 to 399) treats this problem in great detail 
and should be read by all interested in the subject. 

t NOTE. — ^According to Professor Peabody "the only valid objection to Him's analysis 
is directed against the assumption of dry steam at compression," and this is a very good objec- 
tion for it is not reasonable to assume, for an engine supplied with saturated steam and running 
with a reasonable degree of expansion, that the steam will be dry when the exhaust valve closes. 
In fact Professor Carpenter says (Trans A . 5. M. E. vol. xti, p. 811) that the steam exhausted 
from the h.p. cylinder of a compound engine showed 12 to 14 % of moisture. It must be evident, 
that since the condensation increases as the cut off is shortened, the greater will be the amount 
of condensate subject to re-evaporation, and if sufficiently great, re-evaporation will continue 
after the ea^ust valve closes and until the temperature of the mixture has reached that of the 
cylinder walls. 
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2. Engine Construction 

Cylinder Proportion. — The dimensions to be considered 
here are chiefly the stroke and diameter, especially the ratio 
between the two. 



cyliJideTr the actual suiface of 1 
feet in the long stroke engine, 
ID A non~Jocktttird cyUnder co 

taliEH pl&ce at H stroke in each 



reUtioa between dtfplmcnnen 
Eineul 
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ically that If cut oS take place at M stroke in each 
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While the economic effect is considerably influenced by the 
ratio, there are mechanical conditions which have to be con- 
sidered in determining what ratio to use. 

With respect to the ratio (stroke to diameter), engines are 
divided into three classes: 

1. Short stroke, or high speed.* 

• I- 

2. Medium stroke, or medium speed. 

3. Long stroke, or low speed. 

Thus, for a direct oonned^ed set, requiring to be run at high speed, such 
as an engine ooupled to a dynamo, or centrifugal pump, a short stroke 
engine would be used. When a more moderate speed is permissible, a 
m^um stroke engine would be used. 

Because of the limitations of releasing valve ^ears, the revolutions per 
minute must be relatively low, hence engines with such gears have long 
strokes. 

With respect to the loss by condensation in non-jacketted cydinder, the 
shorter the stroke in proportion to the diameter the greater the efficiency. 

Other conditions tending to offset this are: 1, greater clearance; 2, 
greater length of piston circumference past which leakage is liable to 
occur. 

Steam Jackets. — ^There has been much unnecessary discussion 
and difference of opinion in regard to the economic value of 
steam jackets. 

An opinion of the absolute value of steam jacketting should not 
be formed by considering only a single set of tests on the benefit 
of jacketing, as often influencing factors are present which offset 
more or less the saving that would otherwise be possible. 



♦NOTE. — Speed here means rotary speed or r. p.m. and not piston speed, in fact in some 
cases the piston speed of a low- speed engine may be higher than that of a high speed eng^ine. 
The English term for high speed is quick revolution and this is more explicit than the American 
expression. 
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Thus, though Donkin obtained a saving of 40% by jacketting, the engine 
had a riding cut off valve, the considerable clearance of which, taken in 
connection with the short cut off diminished the saving otherwise possible. 

The object of jacketting being to prevent candensaHon, it 
must be evident that the chief favorable condition is a high degree 
of expansion in the cylinder. 

To secure full benefit of a jacket, thorough drainage and avoidance of air 
pockets is important. 









'^iri 



Figs. 3,168 to 3,170. — Three degrees of cylinder jacketting. 1* fiff. 8.168, cylinder only 
jadcetted: 2, fig. 3.169, cylinder and heads jacketted; 3, fig. 3,170^ cylinder, heads and 
piston jackeMed, this arrangement being called fuU jackettedm 



The jacket condensate should be retomed to the boilery thus saving the 

heat it contains. 

The aim of jacketting bang the same as superheating, the two should not 
be used together, that is, jaocets should be employed with saturated steam 
only. 

The efificiency may be increased by using a higher steam pressure in 
the jacket than in the cylinder, when the heating surface is not enough to 
obtain saturated steam during esdmust. 
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Jackettingmay be partial or complete, as shown in figs. 3,168 to 3,170 
that is, jackets may oe provided for: .1, cylinder alone; 2, cylinder and 
heads, or; 3, cylinder, heads, and piston, the latter case being called 
'Julljacketted." 

Ques. Is jaeketting more eflficient on a short or lon^ 
stroke engine? 

Ans. The efficiency is greater with a long stroke. 

Ones. Why? 

Ans. Because the ratio of the jacketted stirfaoes to the 
cylinder volume is greater.* 

Joints. — iPhis tern; is .used to indicate various constructions 
designed to prevent leakage of steam. There are two general 
classes:.,,. ^ _ ^ ' 

1. Stationary joints. [ 

2. Sliding contact joints. 

Stationary Joints ate those provided for the cylinder heads, valve 
chest covers, etc., made tight usually by gaskets and in some cases by metal 
to metal contact ground surfaces. 

An imjlortant point in respect to such joints is that there be a sufficient 
number of bolts to maintain them tight, otherwise there is constant loss 
by leakage. 

In a well designed engine, the bolts should be so proportioned that the 
maximum stress on each bolt (figured to bottom of thread) should not ex- 
ceed 5,000 poimds per square inch of cross section. 

Sliding Contact Joints comprise the contact surfaces: 1 , between valve 
and seat; 2, between piston rim and cylinder barrel; 3, between valve, stem,, 
piston rod, and the stuffing boxes. 

In each case it must be evident that the part should be of proper desi;^ 
to prevent leakage, as numerous small losses possible at the jomts, would in 
the aggregate, considerably increase the steam constunption^ thus impairing 
the efficiency. 



♦NOTE. — ^With non- jacketted cylinders, the earlier the cut off, the more efl&dent the 
long stroke engine in regard to condensation, because comparing short and long stroke engines 
of equal cylinder volumes, when steam is cut off short, it is during admission subjected to less 
metal surface. As the cut off is lengthened the metal surface volume ratio for short and long 
strolre engines becomes nearer eguaf (being greater in the long stroke cylinder when steam is 
admitted to end of stroke) which indicates that iate cut oita are more desirable for ehort 
Btroke engines. 
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Uni-flow Engines. — ^The introduction of a separate exhaust 
port remote from the admission port, is the means employed in 
this engine to increase the economy.* 
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Fig. 3,171. — Steam consumption curve of Stumpf uni-flow engine non-coruCeiwIfv using 
aatitrated •f««un. 
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Pig. 3,172. — Steam consumption curve of Stumpf imi-flow engine condenaing using 9aturat€d 
9teaau 



In general , the efl&ciency of non-condensing , non- jacketted uni-flow engines 
is about equal to that of the best compounds. 

A difficulty inherent in the working principle of uni-flow engines is com- 
pression. Because of the early closing, of the exhaust ports various ex- 
pedients are employed to prevent excessive compression, especially wheal 
operating non-condensing. Because of the early compression, the engine is 
best suited for condensing operation. 



*N0TE. — ^The uni-flow engine is treated at considerable length in a separate chapter. 
See pages 691 to 601. 

NOTE. — Saturated steam consumption of 10.40 lbs. is claimed by the manufacturer for 
a Skinner 15 X16 uni-flow engine non-condensing, operating at half load, steam pressure 127 lbs. 
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3. Method of Expanding 

the Steam 

Single and Multi-Stage Expansion. — ^Where the degree of 
economy aimed at is higher than that obtainable with 4 or 5 
expansions non-condensing, or 6 to 8, condensing, the expansions 
should be divided into two or more stages by means of additional 
cylinders, thus dividing the temperature range so that it will not 
be excessive in any one cylinder. 
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Pig. 3,173. — ^Economy curves for various sizes of simple non-condensing four valve engine, 
variable load, 130 pounds boiler pressure. 

By this means condensation is greatly reduced. The saving that may be 
expected by the use of multi-stage expansion, condensing or non-condensing, 
as compared with single stage expansion, imder like conditions, may be 
roughly stated as from 10 to 50%, varying with conditions, management , 
etc., so that even though the first cost of the plant will of necessity be 
considerably more per horse power, the larger investment is generally 
justified. 

To determine with precision whether such investment be advisable is 
a matter requiring expert advice, and all the conditions entering into the 
problem should be very thoroughly considered. 

For multi-stage expansion, the highest economy is obtained in plants 
where the load of the engine is uniform (such as in water works pumping 
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engine, marine engine, etc.) , because the engine may be so deagned that the 
power corresponding to the working load will be developed with the most 
economical number of expansions. 

Uniform load, extreme ratios of expansion, great care to avoid leakage; 
1, of steam through the joints; 2, of heat through covering of pipes and 
cylinders, and size of areas for passage of steam to and from the cylinders, 
ail have great influence in fixing the possible economy of the engine; 
moreover, to obtain best results, expert management of both engine and 
boiler must be added. 

In examining the catalogues of manufacturers, common sense will indicate 
to the reader, that the cylinder proportions adopted are those which are 
best adapted to be used in making standard patterns for a line of engines. 
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Pig. 3,174. — Economy curves for compound condensing piston valve engine variable load. 
Boiler pressure 177H pounds; superheat 90^ Fahr.; vacuum 26 inches. 



whereas, other dimensions may be better used in some cases where the 
highest economy attainable is desired, with comparative disregard of 
first cost. 



4. Operation 



Piston Speed. — For constant speed of rotation', the piston 
speed may be increased by lengthening the stroke. 

In increasing the piston speed in this manner, the absolute value of such 
increase is to improve the economy, because a greater weight of steam passes 
through the cylinder per minute, resulting in reducing the percentage of 
condensation. 
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Rotative Speed. — ^With non-jacketted cylinders, the effect 
of increasing tlie rotative speed is to reduce the cylinder condensa- 
tion, but the efficiency is not usually increased by this means, 
because of the poor steam distribution due to the types of valve 
gear available for such service. 

For Jacket ted cylinders it is generally agreed that the slower the rotative 
speed the more efficient the jacket because of the longer time in which 
each charge of steam can receive heat transmitted from the jacket steam 
through the cylinder walls. 

High rotative speed means short stroke and large clearance* 




Pig. 3.175. — ^Economy curves for various sizes of simple non^condensiaghifi^ speed piston valve 
engine variable load. Boiler pressure 125 pounds. 



Wire Drawing. — Since valves cannot close or open instantly, 
the gradual closing or opening of the port causes the pressure to 
be le88 than it should be, owing to the fiictional resistance en- 
countered. Accordingly, the "comers" of the diagram are 
rounded instead of sharp, the card area thus lost reducing the 
diagram factor in proportion as shown in fig. 3,176. 

The extent of this loss depends on the velocity of the valve in opening; 
and closing, and various methods have been employed in designing valve 
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gears to obtain a quick opening and dosing of the valve, conspicuous 
examples being the releasing gears, and riding cut off gears. 

The loss due to wire drawing is most marked in engines of the so called 
"automatic cut off" type which vary the cut ofif by the method of combined 
variable angular advance and variable throw. In these, not only is wire 
drawing caused by the slow opening and closing of the valve, but is con- 
siderably increased by the reduction of port opening at early cut off caused 
by decreased throw. The same thine may be said of engines (as for instance 
locomotives), using the shifting link motion as a variable expansion gear. 

VALVE BC6INNIN6 TO OPEN 
VALVE OPEN 
/ ^ — VALVE BEGINNING TO CLOSE 

AfC^ b\* -wire drawing at cut off 

VALVE CLOSED 



LOSSES DUE to 



WIRE DRAWING 




VALVE BEGINNING TQ OPEN 



Pig. 3,176. — Action of the valve gear in reducing the area of the diagram by wire drawing. 
While the steam valve is opening for admission, the solid black area A, is lost; while closing 
for cut off area, area B, is lost; while the exhaust valve is openixig for pre-release and release, 
areas C, and D, are lost; while closing for compression area E, is lost, the effect of which is 

! to elevate the entire compression curve from R, to R', taking away from the diagram, the 
area F. It is evident from the figure that if engine valves could open and close inatantly 
the efficiency wotdd be considerably increased. Such operation in practice is of course im- 
possible. 

In a well designed engine using such means for varying the cut off, the 
port opening for full gear (latest cut off) should be made as large as practical 
considerations will pennit, in order that there may be ample opening at 
short cut off to avoid undue wire drawing. 

Variable Load. — In nearly all conditions of service the load 
varies more or less, and the nature of this variation and its 
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extent will have an important bearing in determining the type 
of engine to be used and degree of economy to be expected. 
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Fig. 3,177. — Characteristic load curve illustrating relation between economy and variable load. 




Fig. 3,178. — Diagram illustrating Buckeye power ratings, based on economical range of power, 
advisable under 100 pounds boiler pressure. This range, as represented by the diagram, is 
bounded by the lines AA, and BB, the first representing 60 pounds m.e.p., and the latter 40; 
tile "rated power" is based on the mean of the two, or 60 ixmnds, represented by line CC. 
The "ultimate capacity" is based on 70 poxmds m.e.p., represented by line DD, which, 
altiiough not the utmost power the engine is capable of exerting, is about the greatest under 
which good regulation can be expected, unless a higher boiler pressure be carried, or the 
adjustments have been made with reference to such an excessive duty. 
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uncommoi^iy laige clearance- Had the clearance been as small as might be. the resijltB would 
probably have been about 3K per cent, more favorable, or at 00 pounds pressure, H ™t 
tS, about 26 poonda consumption; at 60 pounds pressure 35/100 cut oB, aboiit SOpounds. 
and at 30 pounds preasure, ^ cut off, about 41K pounds, which amounts corre^iODd to gtiod 

condensing engine, boiler preasure 75 pounds, the same ejiperimenter has louad the best rate 
of consumption to be 30 pounds at H cut olf , It would appear here that the moirtfaTorabte 
point of cut off is the sam* in smaU as in larfie engines, while the natter of ecooomica] uM 
if steam is in favor of the larger engine and high pressure. It should be borne in mind that 
these rej^ults are deduced from refin^ testa, e:itending over a considerable period, the engines 
being in perfect condition as to leakage, etc., and the steam collected, condensed and carefully 
weighed after the work was performed, thus eliminating errors as far as powble. The 

■that the best cut off, eipressed in fractions of the stroke, may usually be deteriimied by divid- 
ing 100 by 42 times the square mil of the boiler pressure — ^this pressure being reckoned fmoi a 
vacuum for condensing, and from the atmosphere for non-condensing engiines. 
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For every engir^e there is a certain load, and certain set of working con^ 
ditions, such or initial pressure, cu^ off, speed, etc,, cU which it wUl work with 
maximum economy. This is known as its "full4oad** 

-The load may be varied a Teasonat)le amount either above or below the 
full load Without perceptibly impairing the economy. This load range is 
. called the economic range, aiid evidently l^e economic range is different 
for different types of engines. 

The economic range is greater for a simple engine than for a compound or 
triple ei^iine* 

If the load be varied beyond the liriiits of the economic range, there \iWIl 
result a marked decrease in economy, the relation betweea variable Idad 
^ tmd economy being shown by a load curve as in fig. 3,179. ' " * 

In considering any particular engine for a given set of working conditions, 
a study of curves, such as shown in the figure plotted for the engine in 
question, will aid in determining if the engine be suited to the service. 

Fig.: 3,181 shows a simile curve based on steam per horse power hour and 
variable cut off. 

Very often the conditions are such, as for instance in a new and growing 
plant, as to require an engine too large for the service, the restdt being that 
the engine will work with poor economy until the growth of the plant 
increase's the load to the economical lismge of the. engine. There are several 
solutions to a problem of this kind: 1, a simple ^gine may be installed, 
proportioned to carry the load at moderate'speed and boiler pressure, later 
a smaller pulley may be used and the speed mcreased, also the boiler pres- 
sure, thus adapting the engine to quite a large increase in load without 
material change in economy; 2, a simple engine may be installed and later 
a low pressure cylinder added converting the engine into a compound, 
giving considerable increase in power and economy without adding addi- 
tional boiler capacity. 

The performance of multi-stage expansion engines with a 
variable load is a complex matter and the effects of the various 
paethods of governing on the steam distribution as explained in 
the chapter on Multi-Stage Engines ( pages 603 to 642 ) should 
be studied and thoroughly understood. 

Although simple engines seldom give trouble when running on light loads 
the same cannot be said of multi-cylinder engines. Often the power is 
very tinevenly divided between the cylinders, especially in triple engines. 

A compound or triple engine running at very light load is subject not 
only to loss of economy and to irregtilar action, but the inside stiriace of 
the low pressure cylinder is liable to be cut or abraded. 
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5. Methods of Governing 

Throttling. — In general, a throttling governor naay be con- 
sidered as not much more than a makeshift so far as economy is 
concerned. 

Under ordinary conditions this form is very wasteful and is acoordingly 
confined to the cheaper and less efficient types of engine, or where the cost 
of fuel is very low. However, if the load vary greatly, throttling would be 
more efficient than variable cut off near the limits of the load range. 




Pig. 3,180. — Diagram illustrating Buckeye comparison otautomatie cut off with throttUng 
regulation. The diagram is reproduced from actual card taken from Buckeye engines. Both 
represent very favorable loads and each shows good results for its type of engine. The throt- 
tlmg card AA, develops 40.57 pounds m.e.p» with 37 lbs. absolute terminal pressure, while tiie 
cut off card BB , develops 41 pounds fn.e.p. with only 27 lbs. absolute terminal pressing. Thus 
the cut off engine was developing 41 pounds of work with an exi>enditure of its cylinder full 
of steam at 27 poimds pressure, whUe the throttling engine developed but 40H pounds of 
work with cylinder full of steam at 37 pounds pressure per square inch. For the purpose of 
comparison it will be sufficiently near correct to assume both diagrams to have same m.e.p. 
By the usual methods of calculating theoretical water consumption it will be found that ine 
rates are (omitting nearly equal fractions) 3 1 and 23 pounds per i.h.p. per hour, for the diagrams 
A, and B, respectively, showing a saving of 25.8 "per cent., by the use of automatic cut off 
over throttling regulation, but smoe there will be a trifle less internal condensation involved in 
the throttling process, owing to the lower initial pressure and temperature, this saving will 
not quite hold in practice against as near perfect throttling performances as is here represented. 
Perhaps about 22 or 23 per cent, would be more nearly the actual saving. On the ower lumd, 
€uch throttling performance is very rarely realized in general practice, and it is a very common 
txpeiieno& to effect saving by such substitutions of 30, 40 or even 50 per cent. 
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especially if the fixed cut off of the throttling engine occur early in the stroke, 
even so, the advantage of throttling over variable cut off in such case would 
depend on whether the load was near normal or near the limits the greater 
part of the time. 

For loads of such natiu-e the best economy would be obtained by a com- 
bination of throttling and variable cut off, the governing mechanism being 
so arranged that the throttling action would prevent the cut off varying 
beyond economic limits. 

Variable Cut Off. — This is, in general, the accepted method 

of engine control where economy is sought. 

In considering variable cut-off, the nature of the steam dis- 
tribution corresponding to the different methods employed should 
be understood. 
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Pig. 3,181. — ^Economy curves for varioas sizes of compound non-condensing four valve engine 
variable load. Boiler pressure 150 pounds. 



The cut off may be varied: 

1. By shifting eccentric. 

2. By double eccentric (independent cut off valve). 

3. By the so called expansion valve gears as the link motion, radial 
motion, etc. 

The points to be considered are: 

1. Where both admission and exhaust are controlled by one valve, as 
by the method of combined variable angular advance and variable throw 
(shifting eccentric) early cut off is obtained at the expense of too much 
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compression and oot enough port openmg for either steam or exhaust, 
which more or less offsets the economy that would otherwise be due to the 
short cut off. 

2. Because of the defects mentioned in 1, separate and independently 
driven exhaust valves are provided in engines designed for greater efficiency. 
Thus the cut off may be varied any amoimt without disturbing the eidiaust 
and compression. 

3, In certain types of gear such as the riding cut off, the clearance is 
considerable, and, where the economy due to a high number of eipansionB 
in a single cylinder is desired, the effect of clearance should be carefully 
considered, and in this connection it should be understood that it is not the 
percentage of clearance referred to the cylinder volume, but the percentage 
referred to the cylinder volume up to cut off that affects economy. 



LAB6E HEAT LOSS 

ftos, 3,182 to 3. 18S.— Bad and good ,_,,. _^. 

— conatderable heat lost hs comparod wil^fig. 3,183, Bttowiiur piQperly iiuuiated mpe. i^iea. 
3.184 and 3,185. close elbaw and easy bend. Clote alboaa siaOd bt avotdmdvhtraer 
tassible. 

In determining what governor is best suited for any given conditions of 
operation, not only must economy be considered, but the nature of the 
requirements as to regulation (speed variation) , and a governor must be 
employed which will maintain the speed as near constant as is necessary. 
For instance, in electric lighting a practically constant speed is essential 
but for a traction engine no such refinement is necessary. 

6. Auxiliary Apparatus 

Main Steam Pipe. — An inspection of almost any steam plant 
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(especially those of moderate or small size) will show that little 
or no provision has been made for economy. 

Long, leaky, and bare pipes are to be seen, containing an unnecessary 
number of elbows but no expansion joint. 

Steam begins to lose its heat before it gets out of the boiler. 

What then must happen when it passes through such a pipe 
line as above described? 

Not only is heat lost by radiation and leakage, but there is a loss of pres- 
sure due to frictional resistance of the long and crooked pipe line. Some- 
times there is a difference of 5 or 10 potmos in pressure between the boiler 
and engine, but in well designed plants it should never be greater than 2 lbs. 

Accordingly for best results the main steam line should be: 

1. Of proper si^. 

2. Short. 

3. No elbows but easy bends when necessary. 

4. Well insulated. 

If the pipe be too small there will be an undue loss of pressure between 
boiler and engine; if too large, the steam flow will be too slow, resulting in 
loss b^ condensation. There is then some rate of steam flow that will give 
the minimum loss in the pipe due to condensation and pressure reduction. 

In general the size of the pipe should be such that the velocity of the steam 
flowing through it will not exceed 8,000 feet per minute, or 10,000 feet in the 
case of very large plants, *4> 

A better method is to assume a permissible pressure drop and calculate 
the pipe by aid of formulae and tables. Since the loss of pressure is pro- 
porticmal to the length of the pipe, it should be as short as possible, that is» 
the engine should not be placed at an unnecessary distance from the boiler. 
Very few consider the loss of pressure due to an elbow. 

In calculating this loss, an elbow may be taken equivalent to a straight 



*NOTB. — ^Aooording to Femal and Orrok, 8.000 feet was considered maximum in the daya 
when 125 pounds steam pressure was carried without sui>erheat. With 200 potmds and super- 
heat up to 200^ Pahr. the minimum steam ^>eeds are much higher, and very few engineers are 
using a minimtmi less than 8,000 feet per minute — ^the minimum in some cases running as high 
as 18,000 feet with no bad results. 

^NOTE.— 8,000, and 10,000 ft. per minute are proper for •/» cut oflf , but the shorter the 
cut off the greater the permissible speed. See chapter 62 on Engine Design and chapter XV. 
of Prof. Fessenden's excellent book on ** Valve Gears." 
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length of pipe 40 diameters long. By using an easy bend both the length 
of pipe and loss due to an elbow is reduced. 

Reducing Valves.-^The practice of reducing the pressure 
between the boiler and engine is sometimes resorted to. 

1. To keep the presstire constant at the engine, and, 

2. To dry or slightly superheat the steam. 

Constant pressure is the chief object sought, because very little superheat 
can be obtained by reducing the pressure, and even then, the steam is 
more economically superheated in the boiler by absorbing heat which other- 
wise would pass up the chimney. 
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Pig. 3,186. — ^Economy curves for various sizes of Corliss compound condensing engine, variable 
, load. Boiler pressure, 160 pounds; 26 inch vacuum. 

If a reducing valve be used and the pressure be reduced from say 300 to 
250 pounds, it would (assuming the steam reached the valve without 
moistiure) , be superheated only about 10 degrees, too small an amount to 
appreciably increase the economy. 

Moreover, boilers in general do not furnish dry steam and with the usual 
percentage of moisture, dry steam at most would be all that could be ex- 
pected at the engine by reducing the pressure. 



In general, it would be preferable to install automatic dampers, 
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and seek to improve the firing methods rather than resort to 
reducing valves. 

Separators. — ^According to tests made by Prof. Carpenter, the 
moisture in steam leaving a Stratton separator was less than 1 
per cent when that in the steam supplied ranged from 6 to 21 
per cent. Although ordinary boilers not having superheaters 
furnish steam containing very little moisture, there is more or 
less condensation in the pipe between boiler and engine, hence a 
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separator should be used to trap this condensate and suitable 
means provided for returning it to the boiler so that the heat 
which it contains may be saved. 



Reheaters. — It has been stated (Trans .A.S.M.E,, vol . XXV , 
482-492) that the reheater does for the low pressure cylinder 
of a multi-stage expansion engine just what superheat does for a 
single cylinder. 

This is a very clear way of expressing it, and as the object of a reheater 
is so simple no further explanation should be necessary. 

According to Marks, adequate reheating involves superheating the steam 
in the receivers from 30° to 100° Fahr. With the latter amount, Marks has 
shown that the efficiency of the compound engine may be increased 6 to 
8 per cent. Good reheating makes low pressure jackets unnecessary. 
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!_ As a rule, not nearly enoi^ reheating Euriace is installed. With moder- 
ately superheated steam in both cylinders, the steam consumption is about 
constant for the range from ^ load to 1^ load. 

Exhaust Pipe. — Perhaps less consideration is given to this 
item than to any other part of a power plant, accordingly most 
engines are operating with more or less unnecessary back pressure 
whidi represents a. constant loss and which could have been 

GOOD 



Fii>s.3,lSBuid3,lSS. — The r'fhf aod the terottfway to pipe engiiie lo condenser. 

avoided at nominal expense by intelligent designing. "Hie subject 
has been fully explained under the heading Back Pressure (page 
1,650), and it is tmnecesSary to add anything more, than briefly 
Btate the essential requirements for obtaining the best economic 
results. These are: 

1. The exhaust pipe should be of such size that the yeloeity 
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of the exhaust shall not exceed 4,000 feet per minute; on long 
lines a somewhat larger pipe should be used. 

2. The pipe should be as short 
as possible, 

3. Use only easy bends (no close 
elbows) and as few as possible. 



Condenser. — Very few, even the 
better informed, realize the impor- 
tance of operating an engine condens- 
ing; they are either prejudiced, or 
tmduly influenced by the questionable 
practice of others, who, either through 
ignorance or a tight pocket book, re- 
fuse to spend a few extra dollars in 
first cost. 




Pigs. 3 .190 to 3 ,193 . — Diagrams showing effect of pressure ot the gain by condensing, e3Bi>anding 
to atmosphenc pressure. In each dia^am the equal solid black area M, is that due to the 
condenser. By comparing this with the progressively increasing areas, L,A,R,Fa it is 
evident that the le«s the initial prenure, the greater the gain by eondmnaing* 

Usually, foo much attention is paid to the praetice of others. It is 
well to do more individual reasoning and in general to regard the practice 
of others as questionable, especially in regard to non-condensing 
operation. 

As a basis for calculating whether a condenser be desirable, 
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it should be understood that the minimum saving in fuel is 15 
per cent, better results being obtained according to conditions. 

The chief items to be considered are cost of fuel and expense of the dr- 

' dilating water and its quality, the latter determining the type of condenser 

to be used, also difference in cost of attendance (if any), and depreciation. 

With the constantly increasing cost of fuel, the subject of condensers 
is becoming more and more important, hence the problem of determining 
whether a condenser should be installed shotdd be entrusted to an expert. 

Altitude. — Since the atmospheric pressure varies about 1 
pound per 2,000 feet of elevation, engine efficiency and capacity 
is affected accordingly. 

In this elevation, according to Marks, the mean effective pressure varies 
about % pound for simple, and nearly 1 pound for compound non-con- 
densing engines. The efficiencies of such engines vary directly with the 
altitude. 

With condensing engines, the variation is in the other direction, but is 
so slight as to be negligible. 

Engine Tests. — ^A very valuable contribution to the literature 
on this subject is the book by Geo. H. Barrus, which contains 
the results obtained from tests on. engines of various types. 
The following items from Mr. Barrus' book will be found of 
considerable value to those interested in steam engine economy.* 

Automatic High Speed Engines. — Single cylinder, piston vavle, high 
speed non-condensing engines will now develop an i.h.p. per houfy from 
25 to 35 lbs. of satiirated steam, depending upon size of engine and pres- 
sure available. Compotmd engines of this type range between 20 and 
25 lbs., non-condensing, and when condensing with 26" effective vacuum, 
from 17 to 23 lbs. may be expected. 

Four Valve Engines. — Single cylinder, non-condensing, medium speed, 
four valve engines will range in economy between 21 and 26 lbs. of dry 
saturated steam, condensing between 17 and 22 lbs. per i.h,p, per hour. 
Compotmd, non-condensing engines of this type should be expected to 
operate upon from 16 to 21 lbs., and when condensing with 26'' effective 
vacuum, from 13 to 17 lbs. 



*NOTE. — ^The author heartily recommends Mr. Barrus* book on engine tests as it is the 
work of a noted authority on the subject; he has also a similar book on boiler tests. 
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"Gridiron" Valve Engines, — Under condensing conditions and good 
steam presisure, the steam consumption peri.h.p. per hour, varies between 
14 lbs. for units of 500 kw. capacity to about 12 lbs. in units of 2,000 kw, 
and above. Under superheated conditions, economy has been obtained 
upon 5,000 kw, units of this type better than 11 lbs. of steam per i.h,p. 
per hour. The mechanical efficiency of these larger engines is over 96%. 
The horizontal vertical cross compound arrangement, in which friction 
in the engine itself is reduced to a very small amount, owing to the arrange- 
ment of cylinders and the restating uniformity in the crank effort has 
been shown a combined mechanical and electrical loss in both direct con- 
nected units, as little as 6%, which means a net efficiency of both engine 
and generator together of 94%. 

Steam Turbines* — In order to operate economically the most improved 
type of steam turbine, it is imperative that there be maintained: 

1. High steam pressure. 

2. Steam of a high degree of superheat. 

3. Highest possiole vacuum. 

The last is the most important of the three things. Under these conditions 
excellent results have been. obtained under a steady unjtform load. It is, 
however, under a very variable load factor where extremely small fractional 
loads must be met, that the steam turbine is distanced by its older com- 
petitor. This is diametrically opposite to the original daims made for 
the turbine, but if the reports of the tests conducted by admittedly dis- 
interested and competent engineers are to be regarded, the small amount 
c^ available data of station tests is consulted, and, above all, the guaran- 
tees made by the turbine manufacturers under competition for prospective 
plants are to be viewed as a criterion, claims for superior fractional load 
economies are entirely without basis. 

Effect of Superheat on Cylinder Condensation 



No. 
of test 


Degrees 

Pahr. 

of 

superheat 


Cut off 


Prop>orLion 
of cylinder 
condensa- 
tion and 
leakage 


Cylinder 
condensation 

and leakage 
derived from 

curve for or- 
dinary steam 


Proportion 
of conden- 
sation 
reduced 
by super- 
heat 


IC. 
4. 
8A. 
8B. 
9A. 
9B. 
15. 


82 
25 
37 
37 
24 
24 
59 


.392 
.233 
.247 
.165 
.185 
.225 
.281 


.947 
.766 
.819 
.747 
.820 
.836 
.895 


.053 
.234 
.181 
.253 
.180 
.164 
.105 


.114 

.062 
.081 
.127 
.097 
.110 


Average 


41 








.087 
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CHAPTER 62 



HOW TO DESIGN AN ENGINE 



It might be inferred from the title of this chapter that the 
subject is to be treated in a popular manner — not exactly popu- 
lar, but with common sense and in a rather unconventional 
style. In fact it may be regarded as a protest against the tend- 
ency of engineers to be influenced by what may be termed the power 
of suggestion, that is, the tendency to blindly follow the prac- 
tice of others. 

Such men as Watt, Corliss, White, Stumpf, Diesel, etc., do 
not belong to this class but may be called independent thinkers; 
men who are not satisfied with mediocre attainnlents in engineer- . 
ing, but who seek something better. Some engineers accept 
standard practice, in certain instances that they know to be 
faulty because they lack the strength of their convictions, being 
afraid to introduce something new lest it do not come up to their 
expectations. 

For instance, in small ana medium size city water supply pumping plants, 
wasteful direct connected pumps are in most cases installed, although very 
little reasoning will show that the conditions at the water end and at the 
steam end of the ptunp are directly opposed so that the two ends should be 
independent to obtain high economy, as in the arrangement shown in 
fig. 3,202. Here large cylinders and low piston speed are eliminated and a 
small cylinder and high piston speed substituted with belt drive. However, 
this is different from the usual practice — ^the belt might slip, or break, or 
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run off; in fact, a mtdtitude of imaginary catastrophes might happen , and 
so the old direct connected ptunps are installed notwithstanding the large 
coal bills that accompany them. Instances such as this represent what 
might be termed engineering crimes, and there are many,. 

Again, there are engineers who have not the inventive instinct and rely 
on the practice of others. It is very well to listen to what the other fellow 
has to say, whether he be a professor or a helper in a garage, but do not 
accept his statements as correct without satisfjdng yourself as to the facts by 
independent reasoning or investigation. 







Fig. 3,202. — Graham jacketted, transfer expansion oscillating engine, and Dunham power 
pump with belt transmission. It must he evident XhsX this arrangement permits the en- 
gine and pump to work under the most favorable conditions for economy. Hence by proper 
proportion of piilleys* the engine may run at high speed, thus reducing the size of the 
cylinder and loss by condensation leakage, etc., and the pump may be run at slow speed, 
thus reducing the loss by slip, and eliminating water hammer, slamming of valves, etc. 



The chief aim of this chapter is to appeal to the engineer to 



*NOTE. — Not only in engineering but in other sciences and arts are we unduly influenced 
b^ the opinions of others. For instance, in music, there are still some singers, a few musi* 
cians (?) , and other nondescripts who never miss a performance of Handel's Messiah, yet who 
could not be hired to attend a performance of Verdi's Requiem or Grieg's piano concerto, Brtmo 
Oscar Klein's Messe SolenneUe op. 82, or Tschaikowsky's Symphonie Pathetique, — or listen 
to Arthur Depew's wonderful improvisations on the organ. Why? Their grandmothers, 
great-aunts and some early singing teachers of the hd canto and coloratura species never missed 
a performance of the Messiah and thought it was great stuff! Thus influenced by the sug- 
gestion of others they accordingly hold the same opinion, not having sufficient intelligence to 
use their common sense in the matter.^ Handel and some of the other so-called great com- 
posers were great carpenters but no architects. How could they he without modern harmonyT 
Why be satisfied with an old spinet or clavichord when a modem Steinway grand is infinitely 
better? Why prefer an antiquated "horseless carriage'* to a Stutz, Packard, or Rolls Royce? 
Why listen only to primitive music and object to old style plumbing when the modem 
music (but not the supei>modem as has been inflicted on us by some French futurists) is over 
a hundred million times better? WhyT 
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think for himself and use common sense, rather than follow ^ 
blindly the practice of others. 

The partictilar engine selected to illustrate how to design an 
engine is an original idea of the author intended to replace a 
standard though very tmeconomical type. 

It is to be expected that the author's engine will be criticised because it 
is something new, different from the usual practice and might ''slip a cog," 
or something else eqtially dreadful might happen. 

How to design an engine is illustrated b^r the design of an engine to meet 
the requirements given in the example which follows, this being presented 
in the main text, and some of the mass of rules formulae, etc. , of the leading 
authorities, given independently in small type as foot notes. Some of 
these rules would be better i)rinted in still smaller type or no type at all, 
representing as they do empirical formulae for *'rules of thumb," these being 
based on practice instead of on the strength of materials , should be regarded 
with suspicion and avoided as much as possible. 

Example. — ^Design a single cylinder marine 
engine for a moderate speed boat, to develop 
30 indicated horse power at full load. * 

There are some people who think of nothing but first cost. 
They select the cheapest article regardless of future expense. 
A large percentage of this class consists of steam boat owners, 
as is indicated by the labored pufiings of non^condensing light- 
ers and tugs whose engines are too small for the job, and, oper- 
ated without condensers, are very wasteful. However, as men- 
tioned, first cost is the chief item with their owners, hence the 
selection of these extremely robust "puffing Billies'* or steam 
eaters. To illustrate, a prominent concern once built a 22X26 
lighter engine which was rated at 500 horse power 



*NOTE. — ^The author originalljr intended to desi^ a 500 horse power engine for a steam 
lighter, but selected tHe small size with the idea of building one at some future time to eacperi- 
ment on a small scale with the steam jacket. The small engine will, however, serve just as 
well to illustrate the principles of engine design. 



A 



i;«eo^^ 



TO OBSICNAN ENGINE 



V' . At .ordtnA^y 3p^, say 125 revolutions per minute (r^p.m,), this en^e % 
would require a mean effective pressure (m.e,p,) of 79.4 lbs. per sq. m., ' 
and with the usual late cut off, correspondingly high initial and terminal > 
, pjessurea resulting in poor econonay as indicated by the card, fig. 3.203, 
' This nieaiis' large boilers, large coal bunkers, and large condenser (if 6ne fee 
ttsed)^ all of which. occupies valuable space which otherwise could be used ^ 
for cargo. Moreover the excess weight of the pliant increases the dxuught 
which in turn reduces the speed; thus more coal is required on this account ^ 
,and also on account of poor economy. 

I. . 

Watt hak said: the, supreme excellency, in tnachinery 
is m its simplicity. 

"AOMiSSlbr^ PRESSURE Tt>omoBi 



NOT ENOUGH 
" exi^ANSlON^ 




ZERO LINE 

Pig. 8,203. — Card from an ordinary marine engine of the type usually installed in steam 
Ikrhters, having a riding cut off with resultant large clearance, poor steam distribution, etc. 
^e diagram shows six of the numerous reasons for poor steam economy. 



Accordingly a single cylinder engine would be very excellent if it were 
as economic as a compoimd , and the author has this idea in view in design- 
ing the engine illustrated in this chapter. 

The ordinary compoimd (without independent cut ofif) is usually designed 
to cut off at Vio stroke in the high pressure cylinder which, with a cylinder 
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■^^^^p^ 



■'J^ 



ratio of 4:1 (the ratio usually but not always ju(ficiousIy employed) , would 
give 

(1 + Vio) X4 — 6.64 expansion. 

In this type of engine the various losses^ such as condensation, wire 
drawing, drop or free expansion in the receiver will result in a diagram 
factor of about .05 and a water consumption of about 20 lbs. The water 
consumptionof the 22X26 working under the conditions of fig. 3,203, would 
be about 40 lbs. or twice that of the compotmd. 

The Theoretical Diagram,— To compete with the perform- 
ance of the compound, the following operating conditions 



ARtA ABCDE«2d.94 5a.lNS 
aftc^Te -27.7 



•k.«««A>a <-Af.YAn. AREA abcd0 _ 21,1 _ q^ 
OMRAM FACTOR • Jg^fTAEcDt' ZSm' '^ 




Pig. 3,204. — ^Theoretical diagram and exi>ected card superposed to determine the diagram 
factor. 

are selected as being the most desirable for economy in a single 
jacketted cylinder using saturated steam: Initial pressure 
80 lbs. (gauge); 7 expansions or as near that as the valve gear 
will permit; 28 inch vacuiun (.943 lbs. say 1 lb, absolutely) back 
pressiu*e. 

In fig. 3,204 is a theoretical diagram, A,B,C,D,E, corresponding to 
these conditions and the probable temperature of the cylinder walls is 
obtained as explained in fig . 3 ,205 , in order to aid in sketching in the expected 
card with respect to the effect of condensation and re-evaporation upon the 
card. 

The Expected Card. — To obtain compound economy in a 
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RETURN STROKE TEMPERATURES 



cylinder a 



lined fi 



L^ 



values are subtracted 
from the coDstant tem- 
peiBturB of th« joclcet 
steam aad averaac^values 
A and B. calculated for 

TWPefWTUttOF™£MeTALlA*B)*2. ZStt^iil . zef SS^'two^S^^;^,^ 

eivei ti» BVerago teo- 

ature for the two strokes, which approximates the tcmpergturo of the r-— ' ■•--■=-—' " 

>f the card icinhich the steam bat a temperature Ai^A^'' than that of the 
rmt^oralion during the [ytrtioii F, In vhica the steam is at a temperatu: 
Tli« tdtat condillon sought by jackittix^ is to red 
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single cylinder engine, the design should be such as to give a 
very high diagram factor so that, as nearly as possible, the full 
benefit due to the ratio of expansion and temperature range 
will be obtained. Accordingly the design should embody the 
following features: 

1. Quick acting valve gear. 
To reduce wire drawing. 

2. Separate admission and exhaust valves. 

To secure a semi-uniflow effect and to give independent exhaust. 

3. Practically zero clearance. 

To permit late compression and to avoid abnormally early apparent 
cut on, for as will be found with the shifting eccentive (the type to be 
used) the earlier the cut off, the more difficult it is to obtain adequate 
port opening and to avoid wire drawing. 

4t. Full jacketted cylinder. 

To reduce condensation. 

With these items in mind the expected card, a,bfC,d,e,f, is sketched 
within the theoretical diagram as shown in fig. 3,204, from which the dia- 
gram factor is obtained. Although a small error in the diagram factor is 
not of vital importance it is desirable that the engine performance at full 
load closely approximate the expected card to obtain maximum economy. 

Expected M.E.P. — The theoretical mean effective pressure 
corresponding to the given conditions of operation a^ found in 
fig. 3,204 is 38.88 lbs. and the diagram factor .96, hence the 
expected mean effective presstire upon which the size of cylinder 
is based is 

38. 88 X. 96 = 37. 34, say 37 lbs. 

NOTE. — -The diagram factor according to Seaton, varies (for various types of engines) 
trom .6 for high speed war ship engines to .94 for expansive engine, special valve gear, or with 
a separate cut off valve, cylinder jacketted. 
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Revolutions per Minute (r.p.m.). — For every size and type 
of boat there is a certain propeller speed which gives the greatest 
eflSdency, that is, which causes it to operate with the least 
slip* and consequent loss of power. 

Size of Cylinder. — The preceding paragraphs indicate that 
a large cylinder will be necessary to develop the given power. 
The cylinder is not large but only seems so when compared with 
the size usually selected for the same power because the latter, 
as before stated, is too small for the job, the object being simply 
to get as much power as possible per lb. oj metal and per cu. ft, of 
space occupied by the engine regardless of economy. 

A little consideration will show tliat not only is the vfeiffit and space thus 
saved ts transferred to the batter ^ auxiliaries, and additional coal supply 
necessary, but the weight and space occupied by the complete power i^ant 
is greatly increased with heavier operating expenses. Accordingly the 
mental process of the designers who produce^ such faulty power plants is 
is not clear to the author. 

In determining the cylinder dimensions, to begin with, the 
experienced designer knows from his sense of proportion, approxi- 
mately the size of cylinder that will develop a given power. 

From this sense of proportion, a range of strokes, or diameters may be 
selected in preparing a table of various combinations of strokes and diam- 
eters that 'mH develop the given power, it being advisable to study such 
a table to arrive at the most desirable dimensions. 



*NOTE. — ^There are two kind of slip: real and apparent. The real Blip is the velocity 
(relative to water at rest) of the water projected stemward by the propeller; the og^mrmwU 
wiip is the difference between the speed of the ship and the speed en the screw, that is. the 
XModuct of the pitch of the screw by the number of revolutions. The term "pitch" is analo- 
gous to the term "pitch of the thread" of an ordinary single threaded screw. Thus, if there 
were no slip, a propeller would push the boat forward m one revolution a distance equal to the 
pitch of the propeller. 



NOTE. — Steam Coneumption of engine at varioue epeede. (Profs. Denton and 

iaoobus, Trans. A. S M.E., z 722. Tests on a 17X30 engine, non-condensing, fixed cut off, 
ieyer valve.) Coneluaiona: There is a distinct gain in economy of steam as the speed 
increases for H, H* and ^ cut off at 90 lbs. pressure. The loss in economy for about H cut 
off is at the rate of 1/12 lb..of water per h.p. for each decrease of a r.p.m, from 86 to 26 rev., 
and At the rate of K lb< of water below 26 revs. 
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To facilitate calculations of the table, use is made of the horse power 
constant or product of the known factors; these are 

1. Formula coefficient .000004 

2. M,e,p. 37 lbs. 

3. R,p,m, 250 

4. Horse power 30. 

Now the horse power formula reduced to its lowest terms (as explained 
in Guide No. 1 , page 82) , is 

H.P. = .«00004D2LNP (1) 

and substituting the values just given 

30 = .0000Q4XD«XLX250X37 .(2) 

Solving the equation (2) for L (rather than for D, to avoid extracting the 
square root) 

30 810.81 (o) 

^".000004XD»X260X37"'^D« 

Now for cylinder diameters 

8 BH 9 m 10 

inches, the corresponding lengths of stroke as found by substituting these 
values in (3) , and calculating by slide rule, are 

12.7 11.2 10 9 8.1 

inches, and arranged as a table. 



Cylinder Dimensions 

(For 30 horse power at 250 r.p.m, and 37 lbs. m.e.p,) 



Diameter. 


8 


8H 


9 


9H 


10 


* 




Stroke 


12.7 


11.2 


10 


9 


8.1 







It should be remembered that the chief aim in the design of 
this engine is economy — compound economy with a single cylinder, 
hence the question: Is jacketting more efficient with a short or 
long stroke engine? 

The long stroke engine is the more efficient (as explained in figs. 3,166 
and 3,167), because the ratio of the jacketted surfaces to the cylinder volume 
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is greater. Proportioning the stroke on this basis when carried to extreme 
conflicts with the marine condition which requires a low center of gravity, 
hence a compromise must be reached, and inspecting the table the dimen- 
sions 8 J^ XI 1.2 maybe selected as most desu^ble proportions, all things 
considered. 

The steam engine (imlike the gas engine) has a considerable overload 
power range, this range being very great in the type of engine here con- 
sidered, hence no such refinement as .2 in. is necessary in fi»ng the length 
of stroke which therefore may be taken as 11 ins., making the size of 
cylinder as selected 




1 w 11* 



Six 11 




At this point it is well to check the slide rule calculation and 
determine the actual power of the selected size, thus 

Horse power = .000004 X (83^) ^ X 1 1 X 250 X 37 = 29 .4 

Although this is .6 horse power short of the required power, the deficiency 
is of no consequence because: 1 , a very slight lengthenmg of the cut off will 
give full power, and 2, it is somewhat doubtful whether the valve gear 
will permit using as short a cut off as V7 with proper steam flow. 

Cylinder. — Since the valves are to be placed in the heads, 
the cylinder of this engine will be a very simple casting. The 
size is small enough to permit casting the jacket and cylinder 
in one piece, but to illustrate jacket design and permit using a 
light metal (as for instance adamite) for the outer casting to 
reduce weight, a separate jacket casting or **liner'* will be used. 

Before beginning the design it is necessary to fix the maximum pressure 
to which the parts are subjected. This is nonnally 80 lbs., but in order to 
allow a reasonable margin (to prevent continual blowing of the safety valve) , 
125 lbs. may be taken as the maximum steam pressure. 

Now for 8J^ in. diameter of liner, the total load coming on the liner 
(when there is no steam in the jacket) , is 

J^ X126 -631 lbs. per in. of length. 



•¥-NoTB. — The large tyi>e suggests that the designer should fix well in mind the cylinder 
dimensions. 
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Taking the ten- 

sile strength of 

a^ifc. <^Mt iron at 20,- 
^'♦^000 lbs. and fac- 
tor of safety at 10, 
then thickness of walls 
for strength is 
„, 20,000 

say H in. 
081%—. , If provision 
r. m^ is to be made 
D91^- for reboring, 

makmg thick- 
ness of liner K+H — 
M in- In the present 
am the jacket side of liner 
I be made corrugated to 
rease the healing surface, 
■■ thickness varying from 
to Jiin. 



s shown in fig. 3,206. 

There are numerous 
thods of making a tigbt 
It between the liner and 
inder casting. Here soft 
iper rings are hammered 
) the grooves. The con- 
1 shape given to the «p- 
groove secures that end 
d with the outer casting 
ie the other end is free 
apand. This is a satis- 
:tory and compact 

3.206. — Cylinder end details 
owing CTlioder CBSting, liaef , 

cltet, etc. Ill horlianlal ill- 
\ejuion* nurked D, are dl- 

cirdedumetef is II H 

flaii^. lOH. etc. 
n i^_ Cylinderlength which 
* X depends on deaiga o£ 
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aitangfitaaat, the latter feature helping to keep down the width of the flange 
wtucb en jacketted cylinders is usually excessive. A and B, are the drilled 
passages leading to and from the jacket for the jacket steam and con- 

The Drilled Fiuiage». — The number required will depend on the 
diameter and velocity of the steam flowing through them. The calculation 
is as follows: 



'lOB. 3,307 to 3,209. — Plan and Kctianal view of piston and piston rod. 

Assuming the steam consumption to be 20 pounds per horse power per 
hour, then total steam used by engine when developing 30 horse power is 

20X30 = 600 lbs. 
of which say 10% passes through the jacket, then 
jacket steam ■^.aOOX.l =60 lbs. 
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The volume of 60 lbs. of steam at 80 lbs., gauge pressure (from table) is. 

4.67X60=274 cu. ft. 

Npw it is desirable that the steam pressure in jacket be as near boiler 
pressure as possible, hence to reduce the drop to a minimum, assume a low 
steam velocity through the drilled passages, say 1 ,000 feet per minute, then 
total passage area required is 

274 
gQ>^j^QQQXl44e«.6576 sq. m. 

To secure a rapid flow of the steam through the jacket so as to promote 
drainage and prevent air accumulation, it should be made of minimum 
width, say yiin,, giving diameter of jacket walls eqtial to 

8M+2X^H-2XH=98^ins. 

for which the load due to the steam pressure is 

9.375 X 125 =586 lbs. 



The drilled holfes being }i in. diam., corresponding to .04909 sq. in. area^ 
then number of holes required is 

. -6576 -5- .04909 = 13 .4 

and for very thorough distribution of the steam aroimd the jacket symme- 
try of layout increase this number to, say 20. 

Piston, Piston Rod and Jacket Pipes. — The type of piston 
to be used is the box form with internal radial ribs which serve- 
not only to strengthen the structure but to augment the jacket, 
heating surface. 

The general design is shown in fig. 3,207. The lower inter- 
nal surface is not horizontal but slopes from the rim to the 
rod so that the condensate will drain to the center. 

Before designing the hub of the piston it is necessary to figure 
the diameter of the rod, thus: 

Area of piston = JiTXdiam.2 = .7856X8.52 = 56.75 sq. ins. 

Load on piston = area X (steam pressure -|-atmosphere pressure) 

= 56.75X(110+15) =7,094 lbs. 

The tod has to resist stresses of tension and compression at the ends, and 
in addition the tendency to buckle midway between ends. . At the ends^ 
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where only tension and compression 
is to be considered the stress may 
for a steel rod be 7,000 lbs. per sq. 
in., hence for threaded ends mini- 
mura area at root <rf thread-7,0M 
+7,000- 1.013 sq. ins. N^rest 



the diameter of the body of the rod 
must be greater f orstiSness , to resist 
buckling and this vriU depend on 
the ratio of stroke to piston diam* 
eter; that is, whether the engine be 
c^ the short , medium, or long stroke 
variety. The stroke being medium , 
astresso(£,0001bs.per Bq.iit. may 
be allowed, hence 



Steam for Fttton Jaektt. — 

This is admitted through steam pipe 
D (fig. 3,212) and the condensate 
removed through the Etatiocary con- 
densate tube C, in which slides tube 
A, see fig. 3,208. The size of these 
tubes are calculated as follows: 

Area cylinder walls — 

tX8J^X12H- 833.8 sq. ins. 
Area cylinder ends > 

2X56.74- 113.5 eg. ins. 
AreawaJlsandeads- 447,3 sq. ins. 

Area both faces of pistoa — area 
ends — 113.5 sq. ins., ratio piston 
faces : walls+ends - 113.S : 447.3, 

or 1:3.9. 



Pics. 3.210 to 3,213.— Dttulb of the uit 
pjpa. Pis. 8.210, lulf Hction on CD: 
fig. ajlll.luU plBa on ABi fis. 8.3U, 
iKtion on AB. Tbs oxb rd«ned to 
cormpond to AB txA CD of fig. 8,214. 
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That is, the steam required for the walls and head is 3.9 times that 
required for the pistcm, which corresponds to 

100 -5- (1+3.9) =20.4% for the piston, and 

100% -20.4% = 79.6% for the walls and heads. 

Now since the total jacket steam is 60 lbs. per hour, or 1 lb. per minute, 
the total volume of condensate to be removed is 

1X4.67X12^^ j^Q3^27.8 cu. ins. per minute.* 



284.6 
or, corrected for temperature of steam (323.9° Fahr.) 

vol. of condensate— 27.8X1.103=30.7 cu. ins** 
of which 20.4%, or, 

30.7 X. 204 =6.26 cu. ins. per minute, 
is to be removed through tube B. 

Now for a flow of 25 ft. per minute through tube B, 

internal area= ' j^ = .02 sq. ins. 

25X12 ^ 

nearest diameter corresponding (from table) = % in. (area .0192 sq. in.) 
and making tube walls ^g in. thick. 

Outside diam. tube B =%+(2XHi) =5^ in. ( = .28 in). 

This is jiist .01 in. larger than the inside diam. of a H in. pipe, which can 
easily be machined to fit; bevel, make tube C, J^ in. pipe size. 

Now volume of steam required for piston jacket is 

20.4% of 1 X4.57 = .93 cu. ft. 

and for a flow of, say 4,000 ft. per minute, the annular area between tubes 
C and A is 

•^^ Xl44 = .034sq. in. 



4,000 

Add to this external area tube C = .129 sq. in. 
Internal area of tube A = .163 sq. in. 



*NOTE. — ^In the equation, 4.57 is the volume cu. ft. in one lb. of steam at 80 lbs. gauge 
pressure. 284.5 is the relative volume of water (condensate) at 30 ** Fahr. The volume, of 
condensate at the temperatture of the steam (323.0° Fahr.) is slightly greater in the proportion 
62.42-1-66.68=1.103. 



1,692 HOIV TO DESIGN AN ENGINE 



nearest pipe size is J^ in. (.191 sq. in. internal area). 

Jacket Steam for Heads and Walls. — The volume of steam required 
for heads and walls is 

79.6% of 1X4.57, or 4.57- .93=3.64 cu. ft. 

and for a flow of say 4,000 ft. per minute, the annular area between tubes 
D and A is 

^'^ X144 = .131sq. in. 



L 



4,000 

add to this external area tube A — .358 sq. in. 
internal area of tube D » .489 sq. in. 

nearest pipe size is Ji in. (.633 sq. in.). • 

Jacket Steam Pipe. — The total steam required for all the jackets is 
taken at 10% of that required for the engine or 1 lb. per minute, which at 
80 lbs. pressure has a volume of 4.57 cu. ft. now for a flow of 6,000 ft. per 
minute in the jacket steam pipe, 

internal area =^~I-X 144 = .1097 sq. in. 

and (from table) diam. nearest pipe corresponding is )i in. (internal area = 
.104 sq. in.) 

Jacket Drain Pipe. — ^The total jacket condensate was found to be 1 
lb. per minute, of wiiich 79.6% passes through the wall and head jackets 
to be carried off by the jacket drain pipe; that is, 

79.6%of 1 = .796, or .81b. 

which (taking the hot condensate at 60 lbs. per cu. ft.) corresponds in 
volume to . 

-ii^X.8=23cu. ins. 
60 

Now for a flow of say 50 ft. per minute, 

internal area jacket drain pipe= = .04 sq. ins. 

50X12 

and from table, nearest (larger) pipe size is J^ (having .057 sq. in. area). 

Upper Cylinder Head and Valves. — Since the valves are 
in the heads, they are to be considered first in designing the 
heads. The circular space occupied by the piston jacket pipes 
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as designed in figs. 3,207 to 3,209 and the diameters of the 
valve seats determines the distance of the nearest parts from the 
center of the cylinder, which in turn fixes the length of the ports. 

It should be noted that the valves are not Corliss valves — they 
are rocking Dalves of ike tapered plug type, the object of using 
this form being to obtain a valve that will remain tight regard- 
less of wear and one that is practically balanced. 

There are an admission and an exhaust valve at each end of 
the cyliijder, located in the heads to secure, 1, practically zero 
clearance, and 2, a semi-"tmiflow" effect, desirable economical 
features. 

The admission valve takes steam from the end and delivers it to the cylin- 
der through a port in its side; the exhaust valve receives steam through 
the side and e^diausts throueh the end. The valves being opened at each 
end are practically balanced with respect to the steam, the springs seen 
at the end press the valves against their tapered seats; this arrangement 
necessitates stuffing boxes where the steam rods pass out of the* valve 
chambers. 

In the design of shifting eccentric valve gears for very short 
cut offs, the chief difficulty is to obtain adequate port opening at 
short cut off without too much travel at late cut off, and it will be 
necessary to resort to double admission, or supplementary ports 
to avoid excessive throw at late cut off. 

The first question then for the designer to settle is: What is the maximum 
throw that is mechanically feasible for an eleven inch stroke engine? Since 
the maximum throw is employed only in starting and backing, it may be 
made larger than would otherwise be advisable and in this case may be 
fixed at, say 2% ins. 

Before designing the valve motion, the effect of inadequate port opening 
as shown by the cards, figs. 3,212 to 3,217, should be noted, also the in*- 
fluence of lap, figs. 3,218 to 3,220. These Bilgram diagrams indicate that 
the greater the lap, the greater the port opening at short cut off. 

Admission Port, — Sufficient port area should be provided so that 
the steam flow will not exceed 8,000 ft. per minute. The area is obtained 
from the formula. • 

NOTE. — Triple expansion engines where diagram factor lies between .7 and .6 can have 
the following steam speeds: 1. entering aieam h.p. ports , 6,000 to 8,000 ft. per minute; int, 
7,500 to 10.000; l.p. 9,000 to 13.000. 2. exhauat ateam, h.p. port 5.000 to 6.000 ft. per 
minute; int, 6,500 to 8.000; l.p., 8.000 to 10.000. Exhauat to condenser, 7.000 to 9,000. 
—Brajgg, . 
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_ piston area X piston speed q\ 

steam flow 

Piston area = . 7864 X(8H)*= 56.75 sq. ins.; piston spee(i-2X260X"/ii 
»458 ft.; steam flow ^ 8,000 ft. Substituting these values in (1) 

Area -i5:P^|5l =3.25 sq. ins. 
8,000 

v^ BOIUtR 
PRESSURE 






Pigs. 3,215 to 3,218.— Indicator caids of "automatic cut off" engine showing effect of the 
shifting eccentric on admission at early cut off, resulting in drop due to inadequate port 
opening. The cards also show at early cut off cramped exhatMat due to premature clostng 
cf the exhaust valve, illustrating the need of separate indei>endent exhaxist valves. 

./, COT OFF '-^ ?"^ °" 

i^XUTOFF 




Pigs. 8,219 to 3,221. — ^Bilgram diagrams illustrating influence of lap on the port opening for 
early cut off. It is evident from the diagrams that the greater the lap the greater the port 
opening at earlg cut off. 



A 
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Bxhauat Porta. — The velocity of steam flowing out of the exhaust 
port will be limited to 4,000 ft. per minute to reduce back pressure to a 
minimum. The port axea then will be twice the admission port area, or, 



piston speed as expressed in ft. per n 
piston is moving much slower than at ni 
area as obtained for ordinary cut off w 



r for very early cut off, the 
r half stroke, hence a port opening 
uld he too literal for early cut off, 




PlG.3524.— Eleva 
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and in fact would be beyond the limit of the valve gear. Hence the aim- 
will be to secure a flow of 8,000 ft. per min. referred to the actual velocity 
of the piston at the point of cut oft . Accordingly at the point of Vr cut 
off, the piston is moving at a velocity of 164.4 ft. per min., as obtained in. 
fig. 8,225. To figure the area required, 



_^ . area piston X piston speed 

port openmg area = i-- ^^ — r- — 

'^ steam veloaty 



a) 



Substituting, piston area =» 56 .75; piston speed = 164.4 ft., and steam 
velocity =8,000 ft., 

^ 56.76X164.4 

port opening area=— 



8,000 



= 1.17 sq. ins. 




^ CUT OFF 
A 



Fig. 3,225. — Instantaneous velocity of the piston at the point of Vt cut ofT (connecting rod 
ratio 2:1). Lay off connecting rod position A B for V? cut off giving crank angle COB = 
39^** as measured by protractor, and position A' B' for crank angle of 90°. OB' is crank 
position of maximum piston velocity because at this instant the crank pin and wrist pin 
are movintf in parallel paths, and the actual velocity of the piston at this instant = velocity 
of crank pin = (34.658 X260)-s- 12 ■» 720 ft. per min. neglecting angularity of the connecting 
rod. Now assuming the velocity of the piston to vary as the versed sine of the crank angle, 
then piston velocity at point A, or V? cut off >-niazimimi velocity X ver. sin. 39H®"*720 
X. 22838 » 164.4 ft. per min. 



Length of Ports* — Since the piston rod and tail circulation pipe pro- 
jects through the cylinder heads, the ports must be offset on ea(3i side of 
the center line, the approximate length of ports being 8 ins. as obtained 
in fig. 3,226. 

Port Opening* — ^The area of port opening required for admission as 
just found being 1.17 sq. ins., and the approxmaate length of port being 8 
ins. then the port opening is 

1. For single port ?=1.17-h 8 = .146 in. 

2. For double ports = 1 .17 ^ 16 = .073 in. 
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Width of Port9» — Divide area of port by the length. From values just 
found, 

width of single admission port »3.25 -$-8 » .406, say l{k in. 
width of exhaust port =6.5 +8 « .813, say % in. 



PORT LIMIT 




CYLINDER BORC 




TAIL PIP 



Pig. 3.226. — Approximate length of ports. Describe an are K »^H in. radius of cylinder 
bore and the small arc reOTesenting space required for tail p^. Lay off say H in* giving 
point L. Then the line PL, drawn parallel to the longituduu^l axis AO, is Mproximati^ly 
half the port length dependmg on whether the distance OL, is retained in design. 



% cut OFF 



(SHIFT Uu 



.95 REL. 




Hb LCAO 



— Z\ 



Pig. 3,227. — Bilgram diagram for straight slot shifting eccentric. GUmn: wf»iwi^«»> cut 
off H\ minimum cut off Vt; lead; Ut. By mmoBurement: Lap m^ l^rt opening at 9i cut 
off, .65; port openii^ at vt cut off, .0S5. It should be noted that m the operation of the 
straight slot eccentric under the conditions of the above diagram* the ani^e ol pie-admission 
changes from 9 to tf' as the center of the eccentric moves from to 0' in shortening the cut 
off from H to Vt. 
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Admission Valve and Seat. — In fig. 3,227, the Bilgram 
diagram" is constructed in the usual way having given the fol- 
lowing data; connecting rod ratio 2:1; cut off, max., J^min., ^/r; 
lead >ifl; maximum throw 2% ins. The solution gives: lap, *?6; 
port opening, at ^ cut off, .65 (max.) and at ^/t cut off. .085 
(min.) as marked on the diagram. 



s used, the next 



Pic. 3.233.— Pnluniiiary layout of valve mid Beat. Draw steam port BC-'^i in. and lay 
off sleaiQ lap AB -.'J^ in,; this lap contains the Bupplementary port 1,2, which is located 
at the middle making Al, and B2, each equal say Jf in. The supplementary port is made 
larger than necessary to offset friction. To prevent port BC, being uncovered (at short 
cut off) eicmt during admisaon lay off HI equal U short throiv and malre C3 at least this 
distance. Draw aupplementary passage termioatma at 3,1. The seat limit E is found by 
malting 4E -steaailap AB. To find end D of valve, lay off JK - K lona throw and LM 
"•' amount of tttl desind say K". To locale the seat limit at P. locate F' at a disUnce 
n A~H longtiiiDW, and make F* F equal to the desired overtravel. P should be so 



located that ths ■iu>pleaentaiy passage dc 
second adminioil after cut off. If in dcsig: 



iQ seat ahould extend all around tl! 



problem is to determine the diameter of the valve seat. Now in order U 
secure quick movement of the valve dtiring admission, a wrist plate motior 
;Till be used, the effect ot which is to make the travel of the valve less thai 

•NOTE.— A thorough knowledra of the Bilgrani diagram, which is 



..... ji Chap. 4, is assumed. It wiU be seen that for '/i cut off and double ports, the port 

opening .035 m. is ample, being .083 — .073 ■•,012 in. in excess oC the amouat required. The 
equivalent of double ports is obtained with simplicity by Ihe use of the AUen or supplenun- 
tuy port valve which will be used. 
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A difficulty is here encoimtered in choosing the number of studs because 
of the valve chambers which project above the head. The studs are nor- 
mally spaced equally apart, but evidently in this case uniform spacing is 
impossible, the arrangement with 13 studs as in fig. 3,214, being as near 
uniform as can be obtained. Now with 13 studs, 

load per stud » 10,824 -(- 13 « 833 lbs. 

For a load on stud of 5 ,000 lbs. x>er sq. in. , 

area at root of thread «833 +5,000 =1.67 sq. in. 

diameter nearest stud corresponding (from table) ^^ in. (area 1.62). 



DETAIL OF STEAM VALVE TWO REQDt{RIGHT AMD LEFT) 




\ 



TAPER I IN. PER FT. 



SECTION ON LF sectION OF END A FOR DETAIL OF RETAINER 



BOTH STEAM AND EXHAUST SPRING-FOUR REQD 
VALVES 



;^__ 




DETAIL OF EXHAUST VALVE- TWO REQa(RI6HTAND LEFT] 



Pigs. 3.233 to 3,237.— Admission and Exhaust valves. Figs. 3,233 to 8.235. admission 
valve; figs. 3,235 and 3,287. exhaust valve. The admission valve is of the Allen or sup- 
plementary port type, giving double admission, a desirable featxire with the short cut 
of! (see pages 208 to 210 of vol. I for design of Allen slide valve). Both valves are open 
at both ends to render them balanced. The two projections at the end engage with the lug 
on steam and exhaust spindle , so that the angular movement of the spindle wiU De transmitted 
to the valve. The admission valve takes steam from, the large end and dischaives through 
the side . The e3^ust valve takes steam through its side and exhausts from the large end. 



NOTE. — Strea9 on cylintier bolta. — Since there is a proportionately greater straining 
action on small bolts due to screwingup, a smaller working stress should be adopted for small 
cylinders than for large cylinders. Thus the working stress may be taken acooraing to Unwiu 
as follows: 



Diameter of cylinder up to 


10 


15 


20 


eo 


60 ins. and 
greater 


Stress, in lbs. per sq. in. . . , 


3.000 


4.000 


5.000 


6.000 


7.000 
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The Wrist Plate Motion.— The effect of the wrist plate ia 
to distort the valve movement so that it will move ftut while opening 
and closing, and slow after closing. 

Thia rapid opening and closing reduces wire drawing which gives sharp 
admission and cut oS comers on the indicator diagram thus increasii^ tbe 
efficiency. Moreover, the reduced or slow movement of the valve during 
the closed period when the valve is most unbalanced reduces the amount 
of work necessary to operate the valve durii^ this period. 



NOTE.— The crlindcr studs and bolts ihould bs made of tbe best a\ 
« that thestramon them does not aceed 6,000 Iba, persq. in. of section 
e thread , an thej' are subject lo sei'ere and sodden shocks when priming oc 



Id large cylinders 6,000 lbs. 



the fregueot removals of tt 
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Fig. 3,243.— Cardboard model for 
design of admission, valve gear 
and diagram of exhaust gear. 
In construction, get. a large - 
sheet of three ply bristol board, 
draw cylinder axis and horizontal 
line LL, the intersection W giv- 
ing the center of the wrist plate 
pin . By aid of fig. 3^24 i locate 
M andS, centers of admission and 
exhaust valves respectively. 
Draw circular valve seat and 
outline of parts as shown. Cut 
cardboard discs and strips to rep- 
resent valve, steam arm, valve 
rod and eccentric rod. Ink in 
steam edge of valve on disc. 
Pivot steam arm and disc by 
thumb tack M and fasten disc to 
steam arm with a clip. Pivot 
steam arm and valve rod with an 
eye rivet . Cut a cardboard quad- 
rant to represent wrist plate; 
pivot at W, with thumb tadc and 
with trial wrist plaU valve arm 
length WB, pivot valve rod to 
vf.p. valve arm at B. (using thumb 
tack till correct length is deter- 
mined, then insert eye rivet). 
Now cut out a piece of cardboard 
to represent crank arm and pivot 
by thumb tack, after locating 
center of eccentric for positions 
Q and Q', corresponding to %i, 
and Vt cut oflFs respectively. On 
wrist plate take any desirable 
length as CW, for w.p, eccentric 
arm and by the dotted line con- 
struction locate horizontals FF' 
and GG', angular travel limits 
for ^and Vt cut offs respectively. 
The eccentric rod is pivoted to 
the eccentric center by an in- 
verted thumb tack which serves 
as a crank handle for 
turning the gear, bdng easily 
changed from one cut off setting 
to the other by changing position 
of thumb tack with respect to 
holes Q and Q'. Now make 
various alterations of the lengths of 
parts t with crank and valve in cut 
off position, noting that adequate 
Port opening is obtained, and for 
these various alterations note 
travel of steam arm oh either side 
of neutral position as indicated 
on arc RR' by of, of, (for ^ cut 
off) and og and og\ for Vt cut off, 
calculating the ratio of each pair 
of values thus found . The auUior 
after numerous trials obtained 
maximum ratio of 2.38 for ^ c.o. 
and 1.48 for Vt c.o. with the di- 
mensions as marked on the model. 
The diagram of the exhaust gear is 
constructed by similar methods* 
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The wrist plate mechanism comprises the steam aim, wrist plate arm, 
and steam viJve rod and the problem here encountered consists in finding 
lengths of these parts and angular relations that will give the maximum 
wrist plat« eBect, It may be solved by taJdng trial lengths of the parts and 
drawing a diagram showmg neutral and extreme positions of the motion, 
or by making a card board model and altering the various parts until the 
most desirable motiofr. is obtained. In either case the neutral or mid- 
pontion of the model should be drawn (or model put in this position) and 
the ratio of the valve arm throws examined. Average values for this 
ratio, which is a measure of the "wrist plate effect" are2.5 to3. 



Figs. 3,2M and 3.245.— Wrist plates. Instead of the usual heavy disc*, eoniista of arms, 
thus avaiding any uanecessary metal. Before making this drawing it was necessary to 
locate the position of llie eccenCrica to find the overhang of the arms. 

To obtain the maximum wrist plate effect the angle made by the steam 
arm and steam valve rod in the small angle extreme position must be 90°, 
and in order not to bring too much strain on the gear in the large angle or 
stretched extreme position, the angle between these parts mustnolexceedl40'. 

The designer should not be satisfied until he has obtained an arrangement 
which will make as near as possible these angles in the extreme position. 
It should be clearly understood that this is not a Corliss valve gear but a 
positive gear in which the cut oft is varied by the method of combined 
variable angular advance and variable throw. It is desirable to get as 
much wrist plate effect as possible at V? or working cut off instead of at 
ftdl gear or J^ cut off, but unfortunately the greatest wrist plateeffect is at 
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The Meun umi, exhaiut un» and their 
to a doubts eccentric Corliss sear, but it shou 
lesr (hence there an no duh pots) the cut 
vofiaitt angidar adtatue, and variaoit jArov. 

The chief feature of the valvo gear is the way 
out mechanically and the valves themselves. 



Mth™"f' 

1 which this is worked 



«. 3,246 and 
«ai and «i- 



*Wf3ETH0T3H0HN 
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Bed Plate.— Except in extreme light weight engines the bed 
plate should be made very substantial, not only for strength, 
but to help absorb the vibrations of the moving parts and thus 
prevent them being transmitted to the boat. Accx)rdingly the 
bed plate is made 3^ inch thicker than the cylinder castings. 
Before the drawing can be completed the air and feed pumps 
must be designed and a 'layout*' of center lines of their drive 
gear be made* to determine their positions on the bed plate. 
The design should be as open as possible. 

The author's favorite design, as shown in figs 3,254 to 3,256 is to 
make the shaft center flush with the top of the casting and to have the 
bottom open. There are two cross members each of which must carry 
half of the load, or 

7,094-5-2 = 3,547 lbs. 

These cross members may be regarded as beams fixed at both ends and 
loaded in the middle. In fig. 3,256 the middle section as designed 
is HX4^, and the span (between columns) is 10)^ ins. 

Now, using the formula 4 R j^ 

p BB- — ■^— and substituting 

and the factor of safety =» 57 ,341 -^ 3 ,547 = 16 
which is increased by the top flange and is ample. 

Main Bearings, — Since these are stationary there is no cooling effect 
of air currents as is with the crank pin and hence more area should be 
provided. 

The bearing pressure should not be over 300 lbs. per sq. in. — ^less is 
better and in fact the main bearings are usually made to occupy all the 
space available. 

The length of the forward bearing depends on the location of the eccen- 
trics, and as designed is four ins. long. The aft bearing is made the 
s^me size, for symmetry and in order that one pattern wiU do for both. 

The combined projected area of the two bearings is twice that of the 
crank pin, hence the bearing pressiu'e is half that of the crank pin or 

591-^2=295Hlbs. 
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e used for each bearing, 



For a stress of 5,000 lbs. per sq. in. on stud. 

Area at root of thread •=887+5,000- .178 sq, in, 

nearest larger size stud (from table) is J^ in. (area at root .202 sq. in.). 

Each stud is provided with two nuts to securely fasten the cap. The 
bearings are lined with either Babbitt metal or some other (so-called) anti- 
friction metal. Experience teaches that a bearing so lined will run cooler, 
probably because the lining metal being softer, accommodates itself to 
the journal mare readily th a n a harder metal. 



Pic. it.257.— Old style cast iron, hone ahoe thrmt htaTW^^-couU oiiylWiig bi mirter It 



As To Thrust Bearings. — Is not the cost of power high 
enough at the present price of coal without putting a brake on 
the engine? This is virtually what is being done by the use of 
the old fashioned thrust bearing. Why are they used? Some- 
one within the memory of the oldest inhabitant devised one of 
these mechanical outrages and everyone followed the suggestion. 
Any designer, worthy of the title, should think seriously before 
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adding another one of these relics of the dark ageg to the large 
number now in use which should never have been made. 

In the present state of perfection of the art of making roller 
bearings of all kinds, what can be the objection to the use of a 
roller thrust bearing ? 



Why? 



'ic^3 ,258.— Plain rollBr thrust bearing. Weight complete 7,500 lbs.; load carried 1,500,000 

Fig. 3,258 ought to inspire confidence. As to saving in coal, oil and 
attendance, the author does not beHeve the following letters, taken from 
the catalogue of a prominent manufacturer, in any way overrate the 
results obtained: 

"In reply to your letter as to the result of the roller bearing thrust which 
you installed on the yacht "Anita" last ApriJ, will say it has proven very 
satisfactory in every respect. We ran about six months the past season, 
and I did not have the least trouble in any way, and this fall when I had 
it apart I could not see as it has worn any. We ran 15 hours on K quart 



HOW TO DESIGN AN ENGINE 1,711 



of oil, and then the chill was hardly off it. Can also make about four 
revolutions per minute more than with the old thrust." 

"The rc^er thrust bearing worked excellently and we got six revolutions 
more out of the engine with the same cut off, than before it was put in. 
not saying anything about the saving in coal. We have nm about 11 ,000 
miles, and have put no oil in thrust bearings since we started, and as for 
•cai^, the oilers have almost forgotten that there is a thrust bearing in the 
ship. The saving in the coal on the "Aphrodite" was between four and 
five tons per day." 

Don't design a roller thrust bearing, but design the shaft and bed plate 
end to accommodate a standard bearing made by some reliable manufac- 
turer. He has had the experience and knows what is required. 

Frame. — In small engines especially accessibility to the 
moving parts is a very desirable feature, and this is secured to 
a maximum degree by use of the open column type of frame. 
The frame proper consists of four steel columns, to which is 
attached the guides, the two on the port side being bored to 
receive the bearing for the air and feed pump walking beam 
shaft. 

The diameter of the columns is proportioned to sectu-e rigidity as well 
as strength and the author considers the diagonal braces sometimes used 
totally unnecessary, espedally in small engines as a verv rigid structure 
can be made without vtnduly increasing the diameter of the columns. 

For ordinary piston diameter and stroke ratios, if the diameter of frame 
columns be made 00% of piston rod diameter it will give an amply rigid 
frame without any transverse or diagonal bracing. 

Now diameter of piston is 1% in. , and 

90% of IH in. = 1.24 in. 

hence, make diameter of frame columns 1^ ins. 

Near the lower end of each column is turned a projecting footing which 
rests on the bed plate, the end passing through a hole dnUed in the bed 
t^ate and secured by a nut of same size as rod. In order to reduce the 
length of the lower cylinder head feet which receive the upper ends of the 
<5olumns and thus bring them closer together the diameter of the sections 
of column is reduced being just large enough for strength, this reduction 
giving a shoulder upon which wrests the cjrhnder head feet without turning 
■a projection at this point. Now, area of piston rod as found is 1 .42 sq. ins . 
and there being four columns 
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Jiof 1.42 = . 365 sq.m. 

which take for area at 
root of thread at re- 
duced section of 
column. 

Nearest (larger) di- 
ameter corresponding 
(from table) is J^ in. 

In designing the 
columns, they 
shotdd be enlarged 
at the points where 
they are bored for 
the gtdde bolts and 
pump walking beam 
shaft bearings. 

Figs. 3,259 to 3,264 
show design of frame 
and guides. Owing 
to the imusual height 
of the engine the 
author has provided 
diagonal braces for 
the frame as shown 
on page 1 ,726. 

Guides. — F our 

guides are used, two 
for forward motion 
and two for reverse. 
Since a roller bear- 
ing is used, the 



Figs . 3^250 to -3 ,261 . — ^Engine 

frame, gxxides, and deUuls 

of guide croiss rpds and 

guioe bolts. This is the 

. mo6t.-<^ acfcessihle type of 

fiam^f a desirable feattue 

-' especially -in small engines. 

' Nobe Method; of adjusting 

'^. guide^ ta tbe.X£aiers. . 
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length of gtddes is made equal to the length of stroke plus a 
small margin (}4 in.) at each end or total of llj/^ ins. 

The guides are carried by the frame columns, being attached 
by two bolts each. These bolts are located, not at the ends, 
but are spaced nearer the center to reduce the span and thus 
the size of the guide. 

For strength they are designed thus: 

At 125 lbs. steam pressure, load on wrist pin (=load on piston) =7,094 
lbs. The maximum thrust on the guides is equal to the total load on wrist 




Fig. 3,265. — One of the guides considered as a beam in designing for strength. 

pin X tangent of maximum angle connecting rod makes with cylinder 
axis. The value of the tangent depends upon the ratio of connecting rod 
to stroke, as follows: 



connecting rod stroke ratio 
tangent of maximtim angle 



2 2J^ 3 

.258 .204 .169 



The length of connecting rod is 22 ins. and stroke 11, hence connecting 
rod stroke ratio is 

22^-11=2 

Substituting in the equation just given 

thrust on guides = 7 ,094 X .258 « 1 ,830 lbs . 

and since this is carried by two guides 

thrust per guide = 1,830 -^2 =9,15 lbs. 

It has been foimd by experiment that for a hesun. fixed at ends and loaded 
in the middle * 



♦NOTE. — Strictly speaking, the beam is aemi-fixed because of the bending action of the 
bolts; however it is sumciently accurate to assume the beam as fixed. 
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is which P— breakiue load in lbs.; R— modulus of rupture, or 
sq. in. of extreme fibre; /•-length, iabreaxlth, ^Bdepth, in 
cast iron, the value of R varies greatly according to quality. 
found 45,740 to 67,980 in No. 2 and No. 4 cast iron respectively. 

Now, considering the euide as a, beam, its length between supports (as 
in fig. 3,265} is 7 ms., depth, 2^ ins. and breadth H ^- Si&ituting 
these in (I) and taking R at 50,000 



mtiic uid strap showing lutrdciMd 4i 

breaking load _. 26,786 ^o. 
" ' thrust per guide 915 



Variable Cut Off and Reverse Gear.— For obtaining vari- 
able cut off and reverse, shifting eccentrics are used, and it was 
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some problem which confronted the author to design a shifting 
mechanism without employing an extra shaft, that is, without 
having admission and exhaust eccentrics on separate shafts. 

The eccentrics are Bhifted bv "rack bars" workJag back to back and 
haviiu; teeth at 45° meshing with Gimilar teeth in the eccentricslots. These 
rack bars sUde in a hole drilled in the maiti shaft, the eccentrics being 
guided by grooves or nays cut in two companion flanges as shown in 



and 3,3SS. — Exhaust eccentric snd Btrap EhowinK hardened 45° tooth Ebifter 



figs. 3.270 to 3,270/. The 45° teeth method of shifting is not new, but is 
iwed on some traction engines. However, the method of locatii^ these 
bars bade to back in one circular hole drilled in the main shaft, and the 
control was devised by the author. 

There is but one control leverforthe two bars. This lever is permanent- 
ly connected to the admission eccentric shifter arm, and is provided 
with a latch, which, by moving the lever to the end of its travel, will en- 



gage with the exhaust eccentric shifter arm by releasing the button o 
top of the lever. The exhaust gear automatically locks at each end of tl 
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quadrant by a, bait IcxJc (siniilar to that used in automobile transmissions) 
lea'ving the lever free to be placed in any cut up oft position. Thus, in 
operatmg, the control lever is moved to the end of the quadrant and but- 
ton released which engages the exhaust arm. The lever is then moved to 
the other end of the quadrant where the exhaust arm engages with the 
ball lode. By pressing down the button on top the lever, it is released 
from the exhaust arm and is moved back to the desired cut oS position 
and button released which locks lever in position. 



Cross Head. — This is a very simple affair consisting of a 
rectangular piece which carries the wrist pin bearing and pro- 
vided with a neck to receive the piston rod as in figs. 3,270p 
and 3,270o. 

Calculating for strei^h. 
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area piston rod » 1.49 sq. in. 

and making each arm strong enough to carry Vi^ o£ the load, 

area each arm ■■ 1 .49 X .7 ■■ 1 .04 sq. ins. 

Make arms, say 2XH ii^« 

The ends are naade somewhat thicker, ajid before drawing the cross 
head, the diameter of the wrist pin must be determined from the connect- 
ing rod design. The neck should be made long enough for ample adjust- 
ment of the piston rod. The wrist pin bearing has wedge adjustment, 
the taper of iaie wedge being Ij/iin, per ft. 



I^TAP 
1^ THREADS 

TURN' 
^ FLAN6C 
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^'t 
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Figs. 3,270o and 3,270^. — Cross head. Since rollers are used to transmit the lateral thrust to 
the guides, there are no gibs, resulting in a very simple cross head, it being virtually the 
same as the wrist pin end of a familiar type of connecting rod. 



Connecting Rod and Thrust Rollers. — ^The length of 
connecting rod means the distance between centers of wrist pin 
and crank pin bearings. Experience has generally led to a 

NOTE.' — ^The area of the cross head slipper or gib (the surface on which the thrust is 
taken) should in no case be less than will admit of a pressure of 400 lbs. per sq. in. and for 
good working these surfaces which take the thrust when going ahead should be sufficiently 
large to prevent the maximum pressure exceeding 100 lbs. per sq. in. When the surfaces are 
kept well lubricated, these allowances may be exceeded.— Beaton. 

NOTE. — Some British builders of portable engines restrict the pressure between the 
guides and crossheads to less than 40, sometimes 35 lbs. per sq. in. — Kent, 
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ratio of length of connecting rod to length of stroke of 2 or 23^ 
to 1, the latter giving, according to Thurston, a long and easy 
working rod, the former a rather short, but yet manageable one. 
In order to keep down the height of engine, which is of prime 
importance in marine work, the ratio is made 2 to 1, making 

the rod 

11X2 = 22 ins. between centers. 

The rod may be of circular or rectangular section. For medium speed 
the circular form is generally used, and for high speed the rectani^ular 
section, because this form gives greater stiffness to resist bending action 
due to inertia. A circular rod tapering from the wrist end to the crank 
end is here considered adequate. Osculating for strength, maximimi 
load on rod at 125 lbs. pressure =load on piston = 7,094 lbs. Proportion- 
ing rod for 6,000 lbs. per sq. in. at minimum section, and 3,000 lbs. per 
sq. in. at maximum section, then 



Area minimum section = 7, 094 -^ 5, 000 = 1.42 sq. in. 
*' maximimi " =7,094-5-3,000=2.37 sq. in. 



and the nearest diameters corresponding (from table) are respectively 1% 
and 1 yi ins. The design of rod, and rollers is shown in figs. 3,270r to 3 ,270g. 

Crank End of Rod, — The size of crank pin as foimd from the shaft 
design is 3X4. For a marine type end secured by two bolts, each bolt 
shotSd be proportioned to carry % of the load to allow for improper 
adjustment. Calculating thus, 

% of 7,094 =4,729 lbs. 

For a stress of 7,000 lbs. per sq. in. 

area of bolt at root of thread =4,729-?- 7, 000 = .676 sq. in. 

nearest size larger (from table) is IJ^ in. 

On the best jobs part of the bolt shotild be turned down to the diameter 
at root of thread because this makes the bolt more elastic without reducing 
its strength and thus renders it better able to resist repeated shocks. The 
cap is proportioned as a beam loaded at the center and fixed at the ends. 

Wrist End of Rod, — ^According to Seaton the area of wrist pin cal- 
ctilated by mtiltiplying the diameter by length of pin should be such that 
the pressure does not exceed 1,200 lbs. per sq. in., taking the maximum 
load on the piston as the pressure on it. The author beheves the pressure 
should not exceed 1,000 lbs. per sq. in., and as here designed it is some- 
what less than this, because the wrist pin forms the bearing for the roller 
axle and must bt made rather long to divide up the distance between the 
rollers. 
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The design begins with the rollers, the diameter of which must correspond 
with the mstance between the guides (obtained from fig. 3,259). The 
wrist pin is bored to receive the roller axle the latter being fast to the 
rollers and turning within the wrist pin. 

The wrist pin fits into the connecting rod jaws on a taper and is secured 
by a nut. On each side of the jaws a section of the rod serves as a bearing 
for the feed and air pump drive rods, as shown. 

The jaws of the wrist end are designed for the same stresses as the arms 
of the wrist pin. 

Shaft. — ^A solid double forged crank is used as in figs. 3,270«; 
and 3, 270 a;. While this is more expensive than a built up crank 
it makes an elegant job and the crank arms may be made of 
less breadth which make available more room for the main 
bearings. 

A formula given by Unwin may be used to find the diameter of the shaft: 

d-4.65 J/5 (1) 



VH 
N 



in which d= diameter of shaft; H= indicated horse power; N« revolu- 
tions per minute. In using the formula the horse power should be taken 
at, say .60 instead of 30, as by lengthening the cut off. the horse power 
may be greatly increased. Substituting in (1) 



NOTE. — Connecting rod ends. For a connecting rod end of the marine type, where 
the end is secured with two bolts, each bolt shotild be proportioned for a safe tensile strength 
equal to two-thirds of the maatimum pull or thrust in the connecting rod . The cap is to be pro- 
portioned as a beam loaded with the maximum pull of the connecting rod and supported at 
both ends. The calctdation should be made for rigidity as well as strength, allowing a maxi- 
mxim deflection of .01 inch. For a strap and key connecting rod end the strap is designed 
for tensile strength, considering that two-thirds of the pull of the connecting rod may come 
on one arm. At the point where the metal is slotted for the Irey and gib, the straps must 
be thickened to xnake the cross section equal to that of the remainder of the strap. Between 
the end of the strap and the slot, the strap is liable to fail in double shear, and sufficient metal 
must be provided at the end to prevent such failiure. The breadth of the key is generally one- 
fourth of the width of the strap, and the length parallel to the strap, should be such that the 
cross section will have a shearing strength equal to the tensile strength of the section of the 
strap. The taper of the key is generally about five-eighth's inch to the foot. In modem 
high speed engines it is customary to make the connectinc^ rods of rectangidar instead of cir- 
cular section, besides being parallel, and the depth increasing regularly from the cross head 
end to the crank pin end. According to Grashof , the bending action of the rod due to 
its inertia is greatest at .6 the length from the cross head end, and, according to this theory, 
that is the pioint at which the section should be greatest, although in practice the section is 
made greatest at the crank pin end. 
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crank pin is usually made the same diameter as the shaft and proportioned 
for a load of 60O lbs. per sq. in. of projected area.*. 

For a 3X4 pin, the projected area is 3 X4 *> 12 sq. ins. and 

load = load on piston 4-projected area 

« 7,094 4- 12 = 691 lbs. per sq. in. 

being 91 lbs. in excess of the usual allowance, but is permissible in this 
case because the normal working load on engine is considerably less than 
here tsJcen.f 

According to Unwin the thickness of crank may be from .6 to ,Sd, and 
its breadth from 1.05 to l.dd. Accordingly 



.6X3 = 1.8, say IJi ins. 
1.3X3=3.9, say 4 ins. 



The forward end of the shaft is provided with a flange, which carries a 
, similar flange attached by three tx>lts, the object of these flanges being 
to hold in place the two shifting eccentrics. The grooves of these flanges 
register with tongues integral with the eccentric forming guides in the 
direction of shift and together with the bolts preventing any angular motion 
between eccentrics and flanges. 

§Feed Pump. — ^An engine driven feed pump is a very desir- 
able device for feeding the boiler because of 1, its compactness, 



(NOTE. — The author does not believe in independent pumps (either feed or air) esi>ecially 
on small or medium size vessels; because of 1, extra space. 2, extra weight, 3, unsatidactory 
working, 4, poor efficiency, of the independent pump, and 5, because two pipe lines are bett^ 
than four, all of which leave little or no room for argument in favor of independent pumps. 



*NOTE. — Projected area means the area obtained by multiplying length by diameter 
of pm. 



tNOTB. — ^The designer should aim at obtaining simple dimensions; it would indeed 
be ridiculous to make the pin say 3Vl6X4l^ to proportion it exactly to a given allowable 
working i>res8ure, there is more chance of making mistakes both in making the drawi^igs 
and in btulding the engine. 



NOTE. — ^The empirical proportions adopted by builders for the crank arm will com- 
monly be found to fall well within the calculated safe margin. These proportions are, from 
the practice of successful designers about as follows: For the vorought iron crank, the hub 
is 1.75 to 1.8 times the least diameter of the inserted portion of the pin, and the depths are, 
for the hub 1 to 1 .2 the diam. of shaft, and for the eye, 1 .25 to 1 .5 the diam. of pin. The web 
is made .7 to .75 the width of adjacent hub or eye, and is given a depth of .5 to .6 that of 
adjacent hub or eye. For ctiat iron crank, the hub and eye are a little larger, ranging in 
diameter respectively from 1 .8 to .2 and from 2 to 2.2 times the diameter of shaft and pin. 
The flanges are made at each end of nearly the full depth of hub or eye. Cast iron has, how- 
ever, fallen very generally into disuse. — Thurston. 
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2, light weight, 3, minitnuin amount of 
piping, 4, automatic speed control, etc. 
The type here selected is the single 
acting plunger driven from the cross 
head through the familiar walking beam 
transmission. 

To calculate the size required, make 

capacity sufficient to pump twice the feed 
water and allow say 5% /or slip, that is 



waterpernunute=l,260-i-60=21 lbs. 

The pump b«ing single acting makes one 
delivery strcrtce per revolution irf the ei^ine 
and at 250 rev, per minute, hence 

water per delivery st^oke=.21,^ 250 = , 084 lb. 

Assuming a hot well temperature of 120' 
Fahr., 1 cu. ft. of water @ 120° weighs 61.74 
lbs., hence 1 lb. of water - l,728-i-61.74 
-27.99 cu, in., and on this basis 



^. 3,2TDy and 3,2T0i. — Feed pump. Kotathe absence of air chamber. The author, who 
lad several years' eiperieoce deaisnind largo pumps for tity water worln found that the 
in-called sir chambers were virtually water chambers, because unless means were innvided 
to lieep them tilled with air, they Boon became filled with water and ceased to perform their 
iunction of cushioning the ahoclts. Aecordinily such device ia here dispensed with, and 
1 spring cushion provided which is expected to absorb the shoclcs even at high speed. No 
valves are built into the pump casting, a tee fitting and tno check valves bemg used, con- 
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Evidently various values may be given to stroke and diameter of plim- 
ger to obtain the required displacement, and to properly choose the best 
ratio, a table should be made ^y aid of dide rule) thus 

Feed Pump Sizes 

(for 2.35 cu. in. displacement per delivery stroke) 



Diameter 


H 


Vs 


% 


1 






Stroke 


5.35 


3.92 


4.54 


3 


1 





The next step is to make a center line **layout" of the driving 
gear, and in doing this the stroke of ptimp will depend somewhat 
on the distance between the engine coltunns and cylinder axis and 
space available on bed plate for the pump, all of which must 
be considered in fixing the stroke. The size of ptunp as finally 
determined is %X4)/^, the stroke being a little over a half 
inch in excess of that given in the table to allow for lost motion 
due to the spring cushion devise used instead of an air chamber. 

The size of pipe inlet to pump is based on a flow of 250 ft. per minute, 
thus 

*area of inlet = ogri v 1 9 ~ ^^' ^^* 

Nearest (larger) size pipe (from table) is 3^ in. (area .304 sq. in.). 
The delivery pipe should be made this size, and the suction one size larger, 
or Ji in. Figs. 3,270>' and 3,2702 show the feed pump design. 

Feed Pump Drive, — This, as shown on figs. 3,271a to 3,271/, consists 
of 1, connecting rod with spring cushion ball joint on plunger, 2, walking 
beam, and 3, drive rod. In proportioning the parts, first calculate the 
load on the plimger, at 125 lbs. pressure thus: 

area of % circle from table = .601 sq. in. 
load on plunger = .601 X 125 = 75 lbs. 

For a load of 5,000 lbs. per sq. in. 

area connecting rod at root of thread =» 75 -i-5, 000 = .015 sq. in. 

Nearest larger size (from table) is Ji in. (area .027) — ^make diameter at 
ball ^ in., and for rigidity increase diameter of body of rod to say ys in. 
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Consider the longer arm of the walking beam as a beam fixed at one end 
and loaded at the other, then using the formula 



^ I Rbd* 
6 / 



(1) 



and takini; R « 100,000 for steel forging, h^Hfd (effective) = 1 and / =»6%, 
and substituting in (1) 



^"eX 



100,000X^^X1' 



=3101bs (2) 




DETAIL OF FEED PUMP 
CONNECTING ROD 
ONE REQD. 




DETAIL OF FEED PUMP 
WALKING BEAM 

SCALE FULL SIZE 



.>fO 



"if" 










% 



lA. 



^ 









8V 



*<? 



7^- 



iii? 



DETAIL OF FEED AND AIR PUMP 
DRIVE RODS TWO REQD. 




Figs. 3,271a to 3,271/. — ^Peed immp drive, consbting of coimecting todf walking beam and 
drive rod. The same design drive rod is tised for both feed and air pumps. 
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Now the ratio of walking beam arms is 

6.724-2.75=2.44 

from which the load at the loaded end is 

75 +2.44 =30.7 lbs. 

which divided by the result in (2) gives a factor of safety of 

310+30.7=10 

but the metal at the fixed end, being at some distance on each side of the 
neutral axis considerably increases the factor of safety over that just 
obtained, which is ample. 

The load carried on the drive rod is 30.7 lbs. when pumping against 
125 lbs. pressure, and for a 6,000 lb. stress, 

area at root of thread =30. 7 +5, 000 = .006, say, .01 sq. in. 

Now, area at root of thread for smallest size given in table (J^ in.) is 
.027 sq. in. and making the rod }4 in. diameter will give ample strength 
and stiffness besides. The v«y large bearing at the wrist pin end of the 
.drive rod is necessary because of the large pin diameter reqmred. 

Air Pump. — The object of this ptttnp is to remove from the 
condenser the condensate and the air which was originally 
contained in the water when it entered the boiler. Hence the size 
of the air pump must be calculated from these conditions, making 
allowance for the efficiency of the pump, as follows: 

*Volume of condensate to be removed per delivery stroke of pump is 

onvon 
2X |^^^- = .08 lb., or .08X27.99 = 2.24 cu. in. 

Oridinarily water contains, mechanically mixed with it, i/i© of its 
volimie of air imder atmospheric presstire, hence actual vol. of water to 
be pumped = ^A© of 2.24 =2.13 cu. in. 

and if a 28 in. vacuum ( = .943 lb. abs.) be maintained in the condenser, 
then the voltune of air after expanding in the condenser (neglecting tem- 
perature) is 



•NOTE. — ^20 =lbs. steam per hour per i.h.p.; 30 - i.h.p.\ 60 -minutes in one hour; 250 - 
r.p.m^ multiplying the fraction by 2 gives condensate per stroke instead of per revolution; be- 
cause the pump is single acting; 27.90 « voltune in cu. in. of lbs. of condensate. 
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Now, if the temperature of the txm- 
denser be talon at 120°, and the initial 
temperature of the feed wat«r at 70, 



guantit}' of air-l.e6x; 



120+461 
70+461" 



2.13+1^-3.95 cu.iii. 



dun^Iacement of pump— 3.95X.35 

= 11.3 ctt. ins. 

Similarty as was done in the feed 
pump calculation make a table (using 
sUde rule) c4 various sizes having the 
displacement just found, thus; 



NOTE.— In deaigning an air pump, it should 
be remembered that ihf work done depends upon 
" ' ' iiV and waltr dttirertd against 



pump. It b Bccorilingly not objectionable 3 the 
pump be a UCtle over the theoretical size . 

NOTE. — In dMigfoinB a trunk piston single 

noted that the pump b in a sense double actins. 
Thus on the down ctToke a volume is discbar^ 
equal to the sectional area of trunk multiplied 
by the stroke. 



bucket valve is alw 
ingement of the v 



mulCipUcity al small holes diilled ir 
ot the hollow pluBKer and flows ta 
by gravity. The ituffinj boi is wat 
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Air Pump Sizes 

(for 11.3 cu. in. displacement per delivery stroke) 



Diameter 


2 


2H 


2H 


2H 


3 






Stroke 


3.6 


2.85 


2.31 


1.91 


1.62 






Area plunger 


3.14 


3.98 


4.91 


5.94 


7.1 



Now make a center line layout of the driving gear to determine 
best size of ptrnip. The size as thus determined is 23^X3. 

In the design figs. 3,271t and 3,271;, the author's aim was to produce a 
"zero clearance" pump of the single acting plunger type having foot and 
bucket valves and an outlet at the upper end of the plunger, the latter 
feattire making it necessary that the c&sdiarge inlet to hots well be lower 
than the top of the pump barrel. 

The valves are calculated thus: 

plunger speed = (3X2) X250 = 1,500 ins. per minute 

and a flow of 400 ft. per minute past valve is equal to 



NOTE.— 7i^^ efficiency of the eingle acting vertical air pump is due to the certainty 
of its action in taking the water, etc., through the bucket valves, and to the valves from their 

Eosition so readily closing when required, tnere is also tinie for the water to drain into the 
ottom of the Pump on its ui)stroke and it is collected there ready for the bucket when it de- 
scends. The now is always in one direction, so that the velocity of flow is not checked by 
diversion. The water always lies on the valves so as to render them air tight, and there is 
very little clearance space, as a rule, between the foot and bucket valves, and between the 
bucket and head valves. The want of efficiency of the double acting horizontal pump is 
caused by the reverse of some of the above conditions, especially by the failure of the valves 
in closing, and to the large space between the foot and delivery valves, also by leakage at the 
gland of the rod and past the bucket which is only lubricated by the water on the bottom, 
and in no small degree by the ever changing direction of flow. The latter defect is proved 
by stopping one end of the pump, when it is often found (esi>ecially in the case oi badly desired 
pumps, etc.) that the vacuum is not very materially altered. The foot valves are sometunes 
kept covered with water by allowing the water to pass back again through a pii>e from the 
hot well to the pump chamber. — Seaton. 

NOTE. — The capacity of the air pump should be calculated from consideration of the 

conditions under which it is to work, 

and suited to practice by an allowance made for the efficiency of the pump. If the pump be 
single acting and well designed, and is working under favorable conditions, its efficiency may 
be taken at .6; and if the reverse of this, .4; generally its efficiency is about .5; so that the size 
in practice should be double that given by theoretical calculation. The efficiency of the 
double acting pump varies from .5 to .3, and generally is not more than .35; the size for good 
working should be nearly three times that of the theoretical calculations.— k>«a/on. 
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400X12 



=9.6 ins, per stroke 



250X 2 
£nd the opening to give this flow, or 

. valve area « 11.3 4-9.6 = 1.18 sq. ins. 




DETAIL OF AIR PUMP 
CONNECTING ROD 
ONE REQD. 







DETAIL OF AIR PUMP 

WALKING BEAM LEVER5 

ONE OF EACH REQD. 

.TAPtR PIN 




Pigs. 3,271fe to 3,271/>. — ^Air pump drive. Figs. 3,271fe and 3,271Z, connecting rod; figp. 3,271m 
and 3,271n, long arm of walking beam; figs. S,271p and 3,27l9, short arm of wallang beam. 
The connecting rod is the same design as used for the feed pump (see page 1 ,727.) 
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a IJ^" (flat) valve opening Ji in. will give this area, but to obtain zero 
clearance use 45^ bevel viXve and make as large as possible. The air 
pump design is shown in figs. Z,271i and 3,271;. 

Air Pump Drive. — ^This is very similar to the feed pump drive, and is 
of the same proportions as the loads are very nearly the same, thus, area 
plungers 3.98 sd. ins. and for 15 lbs. pressure, load « 3.^8 X 15 » 60 lbs. 
as compared with 75 lbs. for the feed pump. The walking beam is, how- 
ever, in two parts, bein^ secured to the shaft by taper pins and it is neces- 
sary to determine the size of these pins, thus 

, . - J . pump load X short arm 

shearing load on pm ■■ ■ ■ ,» — r r-r: — 

^ , radius beam shaft 

.eOX -f- - ^^^ -2661be. 

usins only ^ half of this load or 128 lbs. because the pin is in double shear 
and for a stress of 5,000 lbs. per sq. in. on pin. 

mean area of pin « 128-5-6,000 « .026 sq. in. 

Nearest diameter corresponding (from table) is ^. 

Use a No, 4 pin which is K ^i^- diameter at the large end. 



Allowable Pressures on Bearings 

In lbs. per sq. in. of projected surface, according to Bragg, 

Using Mean Loads Merchant Naval 

Crank pin 200 to 250 250 to 300 

Main bearings 200 to 350 250 to 500 

Using Maximum Loads 

Slipper guide 60 to 80 70 to 100 

Crosshead pins 850 to 1,200 1,200 to 1,800 

Link block pin. 750 to 1,000 850 to 1,200 

Link block gibs 250 to 400 350 to 500 

Eccentric rod pins 700 to 950 900 to 1,100 

Drag rod pins » 500 to 700 700 to 800 

Eccentrics 150 to 200 175 to 225 

Thrust collars 60 to 80 80 to 100 



NOTE. — The air leakage in surface condensers is an extremely variable quantity rangix^g 
from 1^ in tight condensers to 25% or more in condensers in poor condition. The average 
leakage is from 5 to 10% of the volume of the feed water. 

NOTE. — ^In the Pargona vacuum augnienter the air is exhausted from the condenser by 
a steam jet into an auxiliary condenser. The dry vacutun pump does not have to maintain 
the high vacuum in fie main condenser, as the vacuimi in the auxiliary condenser is lower, 
hence a smaller air pump may be used. Steam consumption is usually from .6 to 1H% of 
that of the main turbine. The net saving in the average condenser doe to augmenter is ab«ut 
5%. With tight condensers the saving may ho negligible. 
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ADDENDA TO CHAPTER 52 



PROPELLERS 



A propeller is virtually a section of a screw. The angle of 
the blades determine the pitch of the thread, and the water cor- 
responds to the nut through which the screw travels. 

There are numerous types of propeller, designed to meet the 
varied conditions of service, and they may be classed: 

1. With respect to the pitch as 

a. True screw (constant pitch) 
ft. Variable pitch 

2. With respect to the number of blades, as 

a. Two blade 
h. Three blade 
c. Four blade 

3. With respect to the shape of the blades, as 

a. Weedless 

h. Elliptical 

c. Round 

d. Straight tip 

4. With respect to construction, as 

a. Solid 
ft. Built up 
c. Reversible 

sup. — In the case of a screw advancing through a nut, each 
revolution will produce a forward travel equal to the pitch of 
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the screw. ' With a propeller, as before stated, the water is the 
nut and the pitch is the distance it would advance each revolu- 
tion, if there were no slip. In practice there is always more or 
less slip. 

There are two kinds of slip. 

1. Real. 

2. Apparent. 

The real slip is the velocity {relative to water at rest) of the 
water projected sternward. 

ROUHO 

Tip 




Fig. 3,2719. — ^Two blade round tip propeller. 

Fig. 3,271r. — Two blade round tip weedless propeller. ' This type propeller will clear itself 
of sea weed or other marine growths while running and should be installed as close to the 
strut or stem bearing as possible to prevent weeds gathering on the propeller shaft. The 
rudder should be tapered off on its forward edge below the propeller shaft so that the weeds 
will pass tmder the rudder. 

The apparent slip is the difference between the speed of the 
boat and the speed of the propeller, that is, the product of the pitch 
of the propeller by the number of revolutions. 

Thus, say a 20X30 propeller (20 in. diameter with a pitch of 30 ins.) 
would theoretically travel with the boat 30 ins. per revolution. At 500 
r.p,m. it would travel in one minute 30 X 500 -^ 12 = 1,250 feet, or in one 
hour 1,250X60-5-5,280 = 14.2 miles— this is the theoretical speed of the 
propeller. 

It should be careftdly noted that when the word slip is used unqualified 
it means the apparent slip. 
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Now in the above example if the slip be say 10% then the distance 
travelled by the boat would be 

U.2X.d-12.8 mile per hour, 

tllUS, there is a loss of 14.2 — 12.8 = 1.4 miles per hour due to the 10% alip. 

The apparent slip or "slip" is sometimes negative, due to the working 

o£ the propeller in disturbed water which has a forward velocity , following 

the ship. Negative apparent slip is an indication that the propeller is 

not Euitedtothelinesottheboat, or to a lack of /iK water for the propeller 



Pic. S.ani.^Three blade round tip propeller. Some authoritiei nuintain ttut the mort 
impoilant nrarkiiig surface of a propeUer is located nbout % of the diatance out fram the 
bub , and that the ereatest drivins ^ort ia exerted from that ^loint to the end of the blade; 
also that the portion toward the hub develops comparatively little driving power and shauld 



a .271 (.—Three blade elliptical tip propeller. The elliptical ihape is f« 
cau&e the blades are of simple outline, the contour offering a araooui curvf 
tbout ehaip angles, and permitting the advancing edge to offer ~'-- — 
tting the water and the ftaving edge to alio— " '— 



a tlirm the nater tc 



Normal and Abnormal Slip. — The percentage of slip varies 
considerably. Assuming the propeller used is correct for the 
installation, normal slip, as given by Hyde Windlass Co., is 
"from 15 to 25% depending upon the type of boat. In some 
cases, however, if the hull of the boat be of heavy construction 
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and of bluif lines, a slip of 30% is common." Evidently this 
refers to gas engine installations, because gas engines usually 
nm at speeds too high for good propeller efficiency. 

Seaton states that "the slip generally should be about 8 to 10% at full 
speed in well fofmed vessels with moderately fine lines; in bluff cargo 
Ixiats.it rarely exceeds 5%" — this relates to steam rigs, and the wide 
difference between 30 and 6% slip may be attributed to the bett«r coqi- 
bination of engine speed and propeller dimensions in the case of the steam 




kt tip h«avT 

iting dgninst 
at in ToUsb weather 
inde. or for towing. 

Fig. 3,271ip, — Two views of blade of a 
built uppiupeller. This conatniction is 
desirable fttr large propellers to reduce 
size of castings and permit leplacement of a damaeed blade. 



Pitch Ratio. — By definition, the pitch ratio is the ratio of 

the pitch of. the propeller to its diameter. 

*Thus in a 20 X 30 propeller the pitch ratio = 30 -^ 20 = 1 .5 

'NOTE.— It should be remembered in stating the dimensions □£ a propeller that the diam- 
eteris given first and then the pilch. Thus s. 20X30 propeller means one of BOins. diametef 
and 30 ins. pitch. 
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Light hulls which drive easily may be fitted with propellers 
of reasonably high pitch, while hydroplanes and extremely light 
racing boats frequently use ratios as h^h as 1.75 and 2, 

In general practice a, : 
and should be avoided. 
pitch ratio. 

Installations have been, made o, 

"Churning." — For a heavy working boat with bluff lines, 
the resistance of the water in front is so great that a propeller 
with a high pitch ratio would tend merely to rotate the water 



Pic. 3^1w. — Revenine pniiwUei. /n corulrucflan, the tbatt il holloif to leceive a. re- 
THtiiig Tod on the eod of vliich ia hiiui. Thepia vrorkim dwgoiut ilots cut into collars, 
tree to turn in tha hitb and to which the blades are attached, tn T*P*rwlnff, when the 
»v«se rod ia given ■ fore or aft motioD the pin travels ia tha diaconal ilota thus tunung 
the blades and reversing the pitch. TA« atuptation, of reveraina propellers is for very 
■mail boats and can be resarded se not much more than s makahifl, as it is difficult to 
make a reversing propeller strong enough to withstand unusual shocke. 

and throw it off the ends of the blades instead of forcing it di- 
rectly astern . This action is called ' ' churning , ' ' and in the case 
of a gas engine drive is usually due to the attempt to adapt 
the propeller to the speed of the engine instead of to the lines 
of the boat. 

Effect of Dead Wood or Sk^. — ^Another cause for slip is 
due to the effect of the skeg in obstructing the free passage of 
the water to the propeller. 
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The water is broken considerably before reaching the wheel, and ac- 
cordingly is not of sufficient solidity for the wheel to act upon efficiently. 
To overcome this the skeg is usually omitted, especially on motor boats, 
and a strut installed, thus the wheel is in "solid" or live water as it is called. 

In many cases the substitution of a strut instead of a skeg has materially 
increased the speed of the boat. In boats having a thidc skeg a three 
blade propeller should always be used because two blades are always 
working when the other is in the vertical position. 

In skeg boats, the wheel should be as large as possible. 

Vibration. — ^There are only three possible defects in a pro- 
peller which would cause vibration: 

1. Not properly balanced; 

2. Pitch not the same in all blades; 

3. Not centrally bored. 

Vibration may occur: 1, if the propeller be located too close to the bot- 
tom of the boat, 2, too near the rudder, 3, if the rudder be not properly 
himg, and 4, if the propeller be too large for the engine. 

Blade Area. — In order to force a boat ahead, it is necessary 
for the propeller to act against a certain amount of water. The 
area of the cross section of the water column acted upon varies 
in proportion to the diameter of the propeller and the area of 
the blades. 

In the case of two propellers of the same diameter, it is readily 
seen that the one having the larger area acts against a greater 
quantity of water. A narrow bladed propeller will, therefore, 
operate at a slightly higher number of revolutions than a wide 
bladed one of the same diameter and pitch, provided both are 
of the same general design. 

The determination of proper blade area is difficult for the amateur, as 
there are no hard and fast rules to govern it. 

In general, a heavy or hard driving boat should have a propeller with 
a large blade area, especially if the engine turn less than 600 r,p,fn. Over 
800 r.p.m,f a wide blade is likely to chum. In general also the lighter 
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the boat, and the faster the engine turns, the smaller should be the blade 

A hydroplane is usually a hard driving boat until it starts to plane. 
Accordingly it is usually necessary to use a wide blade propeller to force 
it to plane. When it planes it drives easily and the propeller turns at 
extreme speed. If, therefore, a. narrow blade propeller coiild be substi- 
tuted after it starts to plane, better speed would undoubtedly result. 

Squatting. — When the stem of a boat squats or "suck sdown," 
t can sometimes be overcome by installing a propeller with 



PlCS.8,2n«»nd3,2njr.— 8ll«ftcoupHnB»sde«ip«!dEOT««mer"fflor™«wf7/"eonristing 
of two castinas of square and cylmdnul section , piovidcd with a Icey and hidd firmly to- 
getbet around the staaft by numcmus bolts. 

narrow blades and low pitch ratio. Squatting, however, is usu- 
ally due to the stem of the boat being too narrow to offer a 
sufficient amount of buoyancy when the boat is in motion. 
Squatting to a marked degree from this cause is noticed in the 
New England V stem dory. 

The use of "squat boards" has been moderately successful in 



Eflfective Area of Propeller. — This is the sectional area of 
the stream of water laid hold of by the propeller, and is generally, 
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if not always, greater than the actual 
area or area of a circle whose diameter 
equals diameter of the propeller. 

The ratio of effective area -8- actual area 
is on good ordinary examples about 1.2 
and sometimes as high as 1.4; a fact 
(according to Rankine's Ship Building, 
P 89) , probably due to the stiffness of the 
water, which **commimicates motion 
laterally amongst its particles."* 



yj.-s 



tf— 3% 




^ 

^axZ^4 5TU0 



Figs. 3 ,2718 to 3 ,273 . — Inside sttif&ng box as designed for steamer "Storno way IF." This is 
virtually the same box as shown below for ** Stornoway //'except that the gland is adjusted 
by two bolts instead of a screw follower. Bolt adju»tment avoids the possibility of flooding 
in ccise follower backs of the thread.^ The four holes for lag screws should be bored a little 
larger than the screws to permit adjustment in lining up the shafting. 




RUDDER 



)ute:r bearing 

=Am WATERS 



INSIOl 
STUFFING BO)^ 



^ 



Fig. 3,274.— j-After section of steamer Stornaway I, showing inside stuffing box, shaft log, 
outer bearing, strut, shaft , propeller and fair waters. 

•NOTE. — ^Prof. Jacobus iTrans, A.S. M. B. xi. 1028) found the effective area ratio to 
vary from 1.2 for steamer Homer RamsdeU with ordinary true pitch propeVLer, to 1.53 for 
ferry boat Bergan at speed of 12.09 miles per hour, ordinary true pitch propeller. 
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Example. — ^Determine dimensions of pro- 
peller for steamer Stomoway II, with power 
plant consisting of the engine of Chap. 52. and 
boiler of Chap. 54. for operation under the fol- 
lowing conditions: 42 horse power; 350 r.p.m.," 
speed 12 miles per hour; 15% slip. 

A speed of 12 miles per hour, corresponds to 

12X5.280 ■ „.„ ,^ 
= 1,056 ft. per minute 



"IGS 


.8.2751 


tnd 3.276.— Dni' 


L^al joint. sWt 


loupUna. 
mtinuaily 
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teamer Slornoi. 
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clunging its shape, eipecully in 
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ice ths anHins thaf t and propellei 


-.hiftcani 
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«o Ihafts beina 


out of 


^^^ 


».«»™lj«» 


1 should bt uiti. 




.Unotpro^^ 


ixtt- 



dinuy practice. 

or 

1,056+350 = 3.017 ft. per revolution 

hence with 15% slip 

pitch = (3.017X12)X1.15=41.6, say42ins. 

To determine the diameter, the designer must carefully con- 
sider the lines of the boat to fix a value for the pitch ratio which 



1,732/ 



PROPELLERS 



PBilkDEARtA' 2 BLADE KBOSS 
RKTANGl"" TH.CKNE5S 



3. PiTCh 
ANGLES 



m3s: 



N95 



N04. 



N<?3 



N<?Z 




N<?l 



♦ •a'-feJi"* • •? 



..PITCH 
ANGLES 



— -»-: ^if,w 



'*•' 





STUDS, y 



^ 



8*THlCKNE$S.*.:r 

TEMPLATES ^j^Ol*'^^ S' HUT ^ KEY 



M 




Gt BLADE 
PROJECTION 



r- V 

^ T BLADE 
PROJECTION 



8. prqje:cted_blad.e.area 
• ( actualthrust areal 



Figs. 8.27da to 8,276ft .^Drawings of UH ft. X 16 ft. built up propeller. Expanded blade 
area 63 sq. ft.; pitch ratio 16 -i- 14H - l*li area ratio, 63 -i- (14^)SX.7854 - .38. 
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will give a propeller that will work 
with the given slip. If the ratio, 
in his judgment be say 1.5, then 
diam . propeller = 42 -5- 1 .5 = 28 ins. 
If draught, be not of prime im- 
portance, use a propeller of slight- 
ly larger diameter which will give 
less slip. 




Pigs. 3,276^ and 
3.276fe.— Pitch with 
propeller horizontal 
on the floor. Int 
method: 1. Mark 

off the face of the 

boss into twelve equal divisions. 2. Take a 
long straight edge, and place it in line with 
two oppositely placed divisions, as at ix)sition 
B. 3. Take another straight edge (or plumb 
line) and measure the distance down from 
the long, straight edge to the blade surface 
at a radius R. taken at , say , f^ out from the 
tx)ss center. 4. Shift the Jong straight edge 
through one' division of the boss marks (or 
V»). as shown at position C, and ajgain 
meastire down to the blade surface. 5. Sub- 
tract the two measurements in inches, and 
the difference is the mean pitch in feet. 
That is, if C measures 20 ins. and B, ms., 
then 20 - = 14 which is pitch in feet. 
This methxxi can 
be applied to the 
propeller in its 
usual position on 
the shaft 



Pig. 3,276».— Pitdi 
with propeller hori- 
zontal on the floor 
2¥id method, Fit^ 





up two set squares and a 
horizontal piece of wood 
as shown, at a suitable 
radius R (cay about two- 
thirds out from boss to 
give average pitch); then 
the piece oi pitch P, will 
be oDtained by the \ er- 
tical measurement, and 
the piece of circumference 
C, by the horizontal or 
floor measurement. And 
RX2X3.1416 =fullcir- 
cmnference at radius R. Tp find corresponding pitch: C X full circumference = PX full 
pitch, from which full pitch = full circum. XP -^ C. If the blades have a varying pitch, 
repeat the above at two or three radial positions, and take the average pitch. 
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Propeller Shaft Tap^s. — ^Tbe stuidard propeUer shaft 
tapers were adopted by the National Associatton of Engine and 
Boat Manufacturers in 1914. 

Later the work of the Standards Committee of the Association waa takeai 
over by the Marine Division of the Standards Committee of the Society 
of Automotive Engineers, who quite radicaUy revised, the National 
Association Standards in March, 1918. 

For shafts 3 inches diameter or smaller the standard taper is % inch 
diameter per foot , which is equivalent to !^ inch per inch . 



Fig, a^aJ. — Rialit and left hind propellers. If the propeller revolve ilotkrnii to force the 
boat ahead it u risbt hand: if it revolve amnitr-clactmie. it is left hand . Propellen aliould 
be inBtalled with th« rounding or convex eide of the blade tovraid the ensiae, the ^t nde 

For shafts larger than 3 inches diameter the standard taper is 1 inch 
diameter per foot, which is equivalent to Hgincit'in ^ of an inch. 

The basis for the length of taper is three times the diameter of the shaft , 
and the diameter of the small end of the hole in the propeller bub corres- 
ponds to that length of taper. 

The actual length of taper on the shaft ts made alightiy shorter than 
three times the diameter to permit the tail nut to be screwed tight mth- 
out striking the shoulder at the end of the taper. 

In tapermg shafts and boring propellers it is necessary to work accu- 
rately tothediameterat the small end of the taper, and it should be noted 
that the diameter of the small end of the hole in the hub of the propeller 
should be smaller than the diameter of the shaft at the small end of the taper. 
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CHAPTER 53 
HOT AIR ENGINES 



The Medium.— ^The utilization of the expansion of heated 
air for driving an engine has for many years been a subject 
which has exercised the ingenuity of inventors. The history of 
hot air engines includes many failures; there are certain construc- 
tive difficulties which have been hard to overcome. 

As a medium for transforming heat into work, air can be used 
with safety at much higher temperatures than steam, and there- 
fore a larger proportion of the heat given to it can be trans- 
formed into work. 

Cycle of Operation.— The action of hot air engines consists 
in admitting the air at a high temperature and pressure to the 
working cylinder and allowing it to perform work on the piston, 
thus reducing its pressure and temperature, when it is either 
exhausted into the atmosphere and a fresh supply introduced, 
or it is again compressed, and heated for a repetition of the former 
process. 

Classes of Hot Air Engines. — ^The principal varieties of hot 
air engine may be classified according to the nature of the work- 
ing cycle, as those in which: 

1. Changes of temperature take place at a pair of constant 
voltunes; 
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2. Changes of temperature take place at a pair of constant 
pressures; 

3. Heat is received and rejected at a pair of constant pres- 
sures. 

The first two classes, fitted with economizers are in theory 
perfect engines, that is, they are theoretically capable of trans- 
forming into work the largest fraction of the heat received from 
the fuel that the limits of temperature allow. Those of the third 



Fic. S.Zyflm.— DiflBTsm of hot Bir engine (the type improved on by Rev. Junes Stitlioa), lit 
corulrueflon, DCABACD is the air rKciver or heating and ccmlina vessel; G, cyUnder 
with its piston H. The receiver and cylinder communicate freely through noiile P. which is 

figure, as B to^^. The hemispherical bottom o£ this lining is pierced with many Email 
holes and the space between it end the bottom of the outer receiver ia vacant. From AA 
to CC , the annular apace between the outer receiver and ita Hninp contains the regenerator, 
being a. grating composed of a aeriea of thjn vertical oblong slnps of mclal or plass, with 

AA up to CC, is turned, and the plunger E. moves vertically up and down within it, fitting 
easily, so as to leave the least apace possible without causing perceptible friction. This 



HOT AIR ENGINES 1,735 



class are not perfect engines, but possess some practical feattires 
which will afterwards be explained. 

Most hot air engines are very bulky for the power developed because 
they are so designed that the original pressure of the air which is com- 
pressed and heated is that of the atmosphere. If, however, the working 
air be confined in the machine, and originally compressed to a high pres- 
sure, this difficulty disappears. 

Thus, assuming it practicable to maintain a temperature in a given air 
engine sufficient to double the original pressure of the air, then, if the air 
be admitted at the pressure of the atmosphere, the available pressure, after 
heating, would be 14.7 lbs. per square inch, gaugp pressure. 

Again, if the supply of air be drawn from a reservoir, in which the pressure 
be 60 lbs. per square inch, the effect of increasing the temperatur^ to the same 
point as in the former case would be to double the original pressure, making 
it 120 lbs. per square inch. It seems strange that the majority of inventors 
should have ignored this significant principle, and that, too, in the face of the 
example afforded by the Sterling engine (one of the first air engines), which 
from all accounts seems to have been very successful and economical. 

Class One. — To illustrate the first division of the classifica- 
tion, the engine above mentioned is given as an example. It 
was invented by the Rev. Dr. Sterling in 1816, and subsequently 
improved by him and his brother James Sterling of Edinbtu-gh. 
The same mass of air was used again and again, and compressed 
at starting to a pressure of 7 to 10 atmospheres. 



Fig. 3,276m. — Text continued, 

above the upper edge of the lining, contains the refrigerator, which consists of a horisontal 
coil of fine copper tube, through which a current of cold water is forced by a pump, not shown 
in the figure. There is an air compressor, not shown, which forces into the nozzle P, enough 
of air to supply the loss by leakage. The hemispherical bottom ABA, of the receiver forms 
the heating surface which is exposed to the furnace. The effect of the alternate motion of 
the plunger E, up and down is to transfer a certain mass of air, which may^be called the work- 
ing air,^temately to the upper and lower end of the receiver, by making it pass up and down 
through the regenerator between AA and CO. The perforated hemispherical lining of the 
bottom of the receiver causes a diffusion and rapid circulation of the air as it passes into the 
lower end of the receiver, and thus facilitates the convection of heat to it, for thepuipose of 
enabling it to undergo exi}ansion, during which expansion it lifts the piston H. The descent 
of the pitmger causes the air to return through the regenerator to the upper end of the receiver 
It leaves iJae greater part of the heat corresponding to the range of temperature T» — T^ 
stored in the plates of the regenerator. The remainder of that heat (being the heat wasted 
by the imperfect action ©f the generator) is abstracted by the refrigerator, which also ab- 
stracts the heat produced by the compression of the air when the piston H, descends. The 
heat stored in the generator serves to raise the temperature of the air, when, by the lifting 
of the pitmger £ , it is sent back to the lower end of the receiver. The mechanism for movmg 
the plunger B, is so adjusted that the up stroke of that plunger takes place when the piston 
H, is at or near the beginning of its forward stroke, and the down stroke of the plunger when 
' the piston H, is at or near the beginning of its back stroke. 
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In ooostmction, b cylindrical air receiver, in which a pli'n&M' could be 
moved up and down, was placed over the fuel of the furnace. The annular 
space between the plunder and the sides of the receiver was occupied by 
an immense number of thin sheets of metal, which formed the economizer. 
In the upper part of the receiver, which communicated with one end of a 
working cwinder of the usual construction was a refrigeralor, confiisting of a 
coil of tubing throueh which cold water circulated. The plunger was 
alternately raised and lowered by suitable mechanism, and in its motion 
caused the great body of air in the machine to occupy alternately the 
heating end, and the cooling «id. Power was thus produced by the 
alternate expansion and contraction of the air. 



Pic. 3.27ftn. — Stirling b hot airengins showing improvt 
worked with high pieMure up lo 1501bi.,l>iolealisge 

Enmp, Inconttrnctlon.C.athepipe.to working ■ 
ot end of the diBpUeer cylinder. The Tcgmerator R, conaisted 



Owing to the great pressure under which the engine was operated, its 
siee for a given horse power was vejy moderate. It was ultimately aban- 
doned, however, because of the failure of the receiver to withstand the 
destructive action of the heat. 
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Class Two. — The most familiar example of the second class 
of hot air engine is that invented by Captain Ericsson, and which 
differed from Sterling's in many respects. 

In this engine fresh air was admitted to the compression pump at the 
lowest working temperature, and compressed, the temperature bring main- 
tained constant by the action of some refrigerating apparatus. 

The air when compressed entered a receiver. It was then admitted to 
the working cylinder, being heated in its passage to the higher temperature. 



Fig. 3,276^. Shiv hot ur engine. There are two worldas cylinders A, each sinsle actin;. 
aud Iho compressina pumps are formed by trunks on the upper sides cf the pistons. B is 
one oC tlie pistons and B' the corresponding trunk. Thoregenenitorisiit the rear not visible. 
Air is drawn in by the oompreaaing pump through the vslve E, and forced into the r^sner- 
ator and furnace through the valve F. P is the exhaust pipe. 

so that its volume was increased, and the pressure kept constant under the 
movement of the piston. 

During expansion, the temperature of the air was maintained constant 
at the higher limit, alter which the air was expelled into the atmosphere 
giving up its heat to the economizer to be used m heating the volume next 
mtroduced. 

Class Three. — An example of the third class of hot air engines 

is that invented by Philander Shaw. Its chief feature is the use 
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of the products of combustion themselves, instead of merely 
the air heated by them to drive the piston. Much heat is thus 
saved which in other engines is unavoidably sent up the chimney 
and lost. 

In construction, the working piston of the Shaw engine is fitted with a 
trunk on its upper side, which, thus reduced in area, serves as a compressing 
pump, and the products of combustion act directly upon its other side. 

The enclosed furnace has means for feeding it without allowing any air 
to enter. 

The air compressed by the pump is delivered into the furnace where it 
combines with the fuel to form the gases of combustion, thus receiving 
additional heat, expands and raises the piston for a portion of the stroke. 
The admission valve is then closed, and the gases expand without additional 
heat, until the piston has completed its stroke, and are then discharged 
into the atmosphere. 

The addition of air economizer greatly increases the efficiency of this type 
of engine but its principal advantage is that by using the products of com- 
bustion inside the engine, much heat is saved which in other engines is 
unavoidably sent up the chimney and lost. 

The Economizer and Refrigerator. — If in the operation of 
a hot air engine, all the heat which is necessary to raise the air 
' to the required temperature be thrown away or lost every time 
the air is cooled, the efficiency of the engine is greatly reduced. 
An economizer therefore is provided, the object of which is to 
store up the heat rejected by the air when it falls in temperature 
and subsequently to raise the temperature of the air by restoring 
the same heat, so that the only heat which the furnace has to 
supply is the latent heat of expansion, together with the amount 
of sensible heat which may be lost through the imperfection of 
the economizer. 

When in the operation of the engine it is necessary to cool the 
air after it has been brought to its greatest heat it is not at once 
brought into contact with the coldest part of the vessels. This 
would effectually cool it, but the heat when thus extracted would 
be entirelv lost, because it could never again be taken up by a 
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body warmer than itself. To avoid this loss, the cooling of the 
air is accomplished in two stages by means of: 

1. The economizer; and, 

2. The refrigerator. 

The highly heated air passes from the cylinder to the econo- 
mizer which consists of a multitude of narrow passages, whose 
temperature at the cylinder end is nearly as great as that of the 
hot air, but which gradually declines till at the end adjacent to 
the refrigerator it becomes nearly as low as the refrigerator. 
The latter is simply a cylinder in which the compression plunger 
works, and which is surrounded by a jacket through which cold 
water circulates to cool the air to the lowest temperature of 
the cycle. 

When two bodies of unequal temperature come in contact or 
near each other, a transfer of heat will take place from the hot 
body to the colder body, the air, therefore, when it enters the 
narrow passages of the economizer, will give out a portion of its 
heat even to the hottest part of these passages, and in its 
progress through the economizer will continue to give out more 
and more heat as the temperature of the passages is diminished, 
till finally when it is ready to escape into the refrigerator, there 
remains only a small portion of the heat to be extracted. This 
is absorbed by the refrigerator. The greater part of the heat, 
therefore, has been left behind in the thin sheets of metal which 
form the passages of the economizer, and which are so arranged 
as to retain the heat until the now cold air in the refrigerator 
is compressed and sent back through the economizer to the 
cylinder. 

The cold air on its return through the economizer comes into 
contact with metal that is hotter than itself and absorbs pro- 
gressively, most of the heat which it gave out to the economizer 
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during its previous passage. In passing from the economizer to 
the cylinder, therefore, the air requires but a small amount of 
heat to give it the elasticity necessary for the production of 
power. Hence, instead of requiring for each power stroke as 
much heat as would be sufficient to raise the air from its lowest 
to its highest temperature, it is necessary to furnish only as much 
as will heat it in the same number of degrees by which the hottest 
part of the air vessel exceeds the hottest part of the intermediate 
passages. 

Use of Hot Air Engines. — The practical application of this 
type of engine is where the power demands are light, and where 
there is an abundance of cooling water for the refrigerator. 
The hot air engine is confined to small powers on account of its 
great bulk in proportion to the power developed. The par- 
ticular field of its usefulness is in light service pumping installa- 
tions, as in suburban homes, or apartment houses where the 
pressure of the city water supply is insufficient for the upper 
floors. All the water pumped passes around the refrigerator, 
hence the air is cooled without expense. 

The small fuel consumption, and automatic operation are 
desirable features; where gas or oil fuel is used, no attention is 
required after starting. A few examples of modern hot air 
engines will now be given. 

The Reeco-Ericsson Engine. — ^A sectional view of this 
engine is shown in fig. 3,276r. There is a single cylinder 1 , in which 
is a power piston 2, and a transfer plunger 3. 



NOTE. — In a test of vertical double cylinder hot air engine, the results obtained gave 
20.19 I.H.P. in "working cylinder and 11.38 I.H.P. in the pump, leaving 8.81 net I.H.P. The 
effective brake H.P. ^as 5.9, giving a mechanical efficiency o! 67 per cent. Consumption of 
coke, 3.7 lbs. per brake H.P. per hour. Mean pressure on pistons 15.37 lbs. per sq. in., 
and in pumps 16.9 lbs., the area of working cylinders being twice that of the pumps. The hot 
air supplied was about 1,160° Fahr., and that rejected at the end of the stroke about 890°. 
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Pic. 3.Z76r. — Reeco Ericaon hot BIT ongino,!, cylinder;!, air piston; 3, tnuM(Mjdstoo;<,li«»ler; 
S,fu[iiace;6.(raa burners; 7. air chamber; 8, main beam; 0, beam ceoter beomiff; 10, cotmect- 
ingrod;ll,bEUq™nkUolt; 13. bell crank; 13. bed plate; 14 , fly wheel; 16, (ur piiton KhIb; 

16, pump linli; 17. pump chamber; 18, pump gland; IB, suction vbIvb; M,-; ^--.- — 

21, suction pipe; 22, pump bottom; 23. legs; 24, gas ' "■ " • -■--''^- 
27, cranlc pm; 28, heater bolU; 29, tnuuier piston mu >.-iu« luwi 

the lower end of the cylinder has been auflicientls' heated, which taicei onlr a lew minuus, 
the eofina ia narted by hand by giving the wheal one or two tev<dutions. The air con- 
tained in the machine is Eist compisaed m the cold part of the cylinder; it is then tnnifemd 
tothelowerend, where it is heatedaniieipanded, thuafuroiaJung tbepower. Thiansine. 
like all other hot air ensuiea, ia ainglrkctine. tbt momantum of the BjiitMA continuat 
.1 1... — — ...1 .1 .. mipyj^ (ijg gy^ i, completed in one lerclution. The aaoiB 
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The piston receives and transmits the power, and the plunger transfers 
the air contained in the machine alternately, and at the proper time, from 
one end of the cylinder to the other. 

The cylinder is surrounded at its upper end with a water jacket, or 
refrigerator, through which all the water passes on its way from the well 
to the tank. This keeps the upper end of the cylinder cool, while the lower 
end is exposed to the fire and becomes as hot as it is practicable to make it. 

By the peculiar arrangement of connections between the air and transfer 
pistons the proper relative motions between these pistons are obtained. 

The engine operates as follows: After the lower end of the 
cylinder has been sufficiently heated, the engine must be started 
by hand by giving it one or two revolutions. The air contained 
in the machine is first compressed in the upper end or cold part 
of the cylinder; it is then transferred to the lower end where it 
is quickly heated and expanded, thus furnishing the power. 

This engine, like all other hot air engines, is only single acting. The 
momentum of the fly wheel continues the revolution tmtil it receiv^ an 
additional impulse by the repetition of the above mentioned conditions, 
which occur once in every revolution. The same air is used continuously, 
and is cooled, compressed, heated and expanded in the regular order and 
without noise. 

Performance of ReecO'Ericseon Engines. 



Diameter of 
cylinder. 


Cubic ft. of 
gas per hour. 


Quarts of 
kerosene 
per hour. 


Pounds of 

anthracite 

coal i>er hour. 


Gallons per 
hotir for total 
head of 50 feet. 


5 inch 

6 •• 
8 " 

10 " 


12 
16 
20 
50 


1 

2 
2 
3 


4 

4 
5 
6 


150 

300 

500 

1.000 



f> 



Directions for Setting and Running the **Reeco 
Ericsson Engine. — Place the engine as near the water as possible. 
The engine, except when a deep well piimp is used, should be so 
placed that the vertical distance from the foundation on which 
it stands to the surface of the water is not over twenty feet. 
These engines will draw water as high as any fast running pump. 
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but it is always good practice to set a pump within twenty feet 
(vertical) of the water where it is possible to do so. 

Foundation, — The engine should stand level, and any kind of a founda- 
tion may be used. In cases where coal or wood furnaces are to be used, 
the foundation should be made of either brick or cement. 

Water Pipes, — The pipes should be ample in size. The size that these 
engines are tapped for is as follows: % inch for 5 inch engine; 1 inch for 
6 inch engine; 1 J^ inch for 8 inch engine, and IH inch for 10 inch engine. 
These sizes will answer, provided the pipe is not too long; but when the pipe 
is long, and perhaps crooked, these sizes shotdd be increased one size. In 
piping up these engines, always place unions close to the engine, both on 
the suction and discharge pipe, and also, when using gas, on the gas pipe. 
Also arrange for draining these pipes, so that all the water may be drawn 
off to prevent damage by freezing. 

Gas Pipe and Operation of Burner. — In setting up engine with gas 
furnace, it is advisable to have gas pipe sufficiently large, in order to keep 
the pressure of the gas up to its proper point when it is delivered to the 
burners, otherwise the burners will not work satisfactorily. The proper 
size pipe is J^ inch for 6 inch and 6 inch engines; % inch for 8 indi and 10 
indi engines. These sizes will answer unless the pipes be long, when they 
should be increased. 

Connect the burner with the gas pipe and put a cock in the gas pipe 
within one foot of engine. Regulate the supply of gas by opening this cock 
tmtil the proper flame is obtained. There are two holes in the neck of the 
burner and two corresponding holes in the movable slide on the brass nipple. 
When lighting the gas or turning it off, the proper position of this movable 
slide is with the holes in the gas burner neck covered by the solid part 
of the slide. After the gas is lighted, this slide should be turned so that the 
holes in the gas burner neck are opposite the holes in the gas burner slide 
and sufficiently opened to admit the proper quantity of air to have the gas 
bum with a blue flame. 

The right heat is obtained from a blue flame and the engine should start 
in from ten to thirty minutes after lighting the gas. A little observation 
of the flame will teach the attendant how to regulate the flame so as to 
start the engine in the shortest time. 

Stove Pipe and Draft. — ^A good draft is necessary, particularly when 
burning coal. The proper size pipe is 5 inch for 6, 6 and ^ inch engines, 
and 6 inch for 10 inch engine. 

For burning wood it is not necessary to have the draft so sharp as for 
burning coal. The best coal to use is anthracite, chestnut size. If the 
engine is to be placed away from the house and a small house built over 
it, the stove pipe should run up about 10 feet, more or less, depending 
upon the nature of the siurounding objects, such as trees and other housesr 
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The object is to secure a good draft at all times and to have nothing inter- 
fere with it, no matter in what direction the wind may blow. A damper 
must be put in every stove pipe. 

Firing. — Coalr. The fire should be thin and bright; too much coal shotdd 
not be put on at once, but rather a small quantity and oftener. This will 
keep the fire at a uniform heat and the engine at a uniform speed. Do not 
overheat the bottom of the engine. This may be determined by looking 
through the fire door and shading the light of the fire from the bottom of 
the engine by a fire shovel or something of that kind. This part of the 
engine should not be heated above a dull red heat. Wood.: Any kind of 
wood may be used, and it is difficult to damage the machine by overheating 
with wood fuel. 

Speed. — The best speed to run these en^nes at is 100 to 120 revolutions 
per minute for the 6 inch and 6 inch engmes, and about 80 to 110 revo- 
lutions per minute for the 8 inch and 10 inch engines. 

OWinnr.— All the working parts of these machines need a few drops of 
oil every time the engine is nui. Do not use much oil on the cylinder. A 
swab is furnished with every engine and should be used for oiling the inside 
of the cylinder instead of applying the oil from t^he squirt can. A few 
drops of oil should also be put arotmd the transfer piston rod where it works 
through the leather packing. 

Oil. — Special oil for use on these engines can be obtained from the manu- 
facturer, however, a mixture of one part sperm oil with two parts of good 
paraffin oil will answer if used sparingly. 

Starting. — Start the engine as soon as it is hot enough to nm. Be 
particular about this, otherwise the engine will be imduly heated, and per- 
haps damage done. While the engine is running, the heat developed by the 
fire is being utilized to heat the air in the machine; but while the engine 
is standing this is not going on, and consequently the danger of over heating 
is much greater than when the engine is running. To start the engine, 
turn the wheel by hand in such a du-ection that the top of the wheel will 
turn from the top of the cylinder. 

If the engine be hot enough to rim it will only be necessary to turn it 
by hand about two revolutions, when it will go without any more assistance. 

The blow, off cock should be left open while the engine is being heated 
up, and the engine turned one or two revolutions before closing this cock, 
in order to expel any moisture, etc., that may have collected inside of the 
cylinder while the engine has been standing idle. Shut the cock when the 
main piston is at the top of its stroke. 

Stopping. — To stop the engine, open the blow off cock on the side of the 
cylinder and, tmless the engine is very hot, it will stop after making three or 
four revolutions. This cock should be left open until it is desired to start 
the engine again. The engine should not be stopped for any length of tim< 
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when the fire !a burning brightly under it. If it become necessary to keep 
the engine standing, cover the fire over with a, Httle fresh coal and leave 
the fire door partly open, so as to protect the bottom of the engine from 
becoming unduly heated. The engine should be turned, after it has stopped, 
to such a position that the transfer piston will be at the lop of its stroke, 
and l^t standing so until it is start^ again. 

Packing.— The packings of these engines are leather and consist of one 

large packing in the main or air piston and one small cup shaped pacldng 

on the tranrfer piston rod. To put on a new air piston packing it should 

be first well soaked in oil and then thoroughly worked m the hands until 

it becomes soft and pliable. Remove the air piston from the engine, take 

off the old packing and replace it with the new one with the flesh side of 

the leather upward and screw al! the bolts down securely. Place the air 

piston at the top of the cylinder and work the edge of the leather down into 

the cylinder being careful 

to avoid any puckers or 

unevenness which would 

allow the air to escape. 

This operation requires 

only a httle care to do it 

successfully. 

The padring cm the 
transfer piston rod is 
pressed in a mould to the 
proper shape. Do not oil 
this packing before put- 
ting It on. Screw it over 
the threads on the end of 
the transfer piston rod 
with the raised side up- 
ward. After passing the 
threads , unscrew the pack- 
ing, remove it, reverse it 
and screw it down to its 
proper position, then oil 
It. This method insures 
the packing fitting tighter 
and lasting longer. 

The pump rod packing 
is also moulded to the 
proper shape and has a 
raised center. The same 
method of putting on 
the pump rod ; 



should be followed and ni 
oil is needed. 

Jiii.3,2T6i.— Wilmington BncBon type hoi air engine. Cleanjnff. — When the 
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en^ne shows signs of weakness it is frequently because the inside of the 
cylinder has become foul by too much oiling or from the use of improper 
oil. As a scale thus formed on the inside of the cylinder and on the outside 
of the transfer piston is hard, it must be removed by scraping and care 
should be taken to remove all of the scale and dirt which falls into the 
bottom of the heater. Care should also be taken not to damage the 
surface of the cylinder or the transfer piston by scraping into the iron. In 
replacing the transfer piston, see that it is properly adjusted by the nuts 
■on the top of the tranter piston rod so that it does not strike on the down 
or up stroke. To properly adjust transfer piston, turn the wheel until the 
•side rods are at the highest point, then draw the transfer piston up until it 
touches the bottom of the au: piston, drop it about a quarter of an inch and 
set it at that point, with the nuts on the top of the rod. 

Heater. — If the heater should be cracked, it becomes apparent through the 
air blowing through it down into the fire. The heater should be renewed 
at once, or the transfer piston may be destroyed. To put on a new heater, 
first remove the furnace; then take off the old heater. Make the joint 
between the cylinder and heater tight, by using red lead mixed with oil 
and spread it evenly and thin all around the recess in the top of heater. 
Screw up all the bolts evenly by tightening up on opposite bolts and go 
over all bolts two or three times to be stire that they are tight. Before 
replacing the furnace, try whether or not the joint be tight by turning the 
wheel backwards about half a revolution so as to put a little compression 
on the air in the machine and while this pressure is kept in the engine, 
examine the joint carefully and listen for any leak. This joint must be 
perfectly tight. 

Freezing. — To prevent damage by freezing, all water should be drawn ofif 
in cold weather. Two cocks are provided for this purpose, one on the 
pump and one on the water jacket, and these cocks should be kept free 
from sediment, and in condition to use at all times by cleaning them 
occasionally with a wire. The engine should be turned over two or three 
times by hand, after the water ceases to run out, to insure getting all the 
water out of the upper part of the pump. The suction and discharge pipes 
should always be provided with drain cocks, in order that they may be 
drained in exposed places. 

Leaks. — These engines must be air tight, or they will not develop the 
maximum power. They are frequently run, however, with a leak in the 
air piston packing, but it is a bad practice to run them so, and when a leak 
develops, new packing should be put on. The transfer piston should also 
be air tight; that is, the piston itself. If for any reason, such as over- 
heating, or damage from any cause, it leak air, the engine will not run, 
and a new piston will have to be put in before the engine will develop 
its power. 

The Reeco-Rider Engine. — In this engine, compression and 
expansion take place in separate cylinders. Pig. 3,276v is a sec- 
tional view showing the working parts. 
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The compression plunger extends downward to the base of the engine, 
closely fitting the compression cylinder A, which also extends downward 
to the bottom of the refrigerator E. The lower part of the compression 
cylinder, is stifficiently smaller than the inside shell of the refrigerator to 
form a thin annular passage fpr the air, which becomes thoroughly cooled 
on its way to the bottom, and through which passage it flows on its way 
back to the heater. 

The power plunger D, likewise extends downwards into the heater F, 
which in shape resembles the bottom of a champagne bottle, that is, rising 
in the center, and presenting to the action of the fire a narrow annulus all 
around the bottom. 

Within this heater is the telescope G, which is a thin iron cylinder, about 
one-fourth of an inch less in diameter than the interior of the heater. It 
is fitted to the interior of the power cylinder B, and extends nearly to the 
bottom of the heater. Its office is to cause the air, which flows from the com- 
pression cylinder to be presented in a thin sheet all around the interior 
surface of the heater, and particularly at the lower and Hotter portion. 
By this means the air is thoroughly and rapidly heated. 

The same air is used continuously, as there is neither influx nor escape, the 
air being merely shifted from one cylinder to another. 

Between the compression and power cylinders is situated the economizer 
H. It is so placed between the cylinders as to be traversed by the air in its 
passage each way between the hot and cold cylinders. Thus, the heat is 
alternately abstracted from, and returned to the air in its passage back- 
ward and forward, imparting economy and steadiness of power to the 
engine. 

L, is a simple check valve which supplies any slight leakage of air whiuh 
may occur. It is placed at the back of the engine, but is necessarily shown 
(in the sectional cut) on the side. The other portions of the engine are 
readily imderstood by inspection of the cut. 



The engine operates as follows: After starting the fire and 
raising the heater to the proper temperature, the engine may be 
started by simply closing a small pet cock in the economizer H, 
fig.3,276vand turning the fly wheel about one revolution. The 
effect is to compress the cold air contained in the compression 
cylinder C, to about one third of its normal volume. After 
reaching this point, owing to the cranks being at 95**, the power 
plunger D, begins to ascend, while the compression plunger C, is 
completing the downward stroke which forces the air into the 
heater. Since the displacement in the compression cylinder is 
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equalized by the receding power piston there is no noticeable 
change of voltune. 

The sudden heating of the compressed air quickly raises its 
temperature, and the expansion due to the temperature pro- 
duces a great increase of pressure, which forces the power plunger 
to the end of the up stroke. The compression piston is then 
6** behind half stroke and moving upward, when the power 
plunger, by beginning its down stroke, transfers the expanded 
hot air through the economizer into the refrigerator or com- 
pression cylinder, at or slightly below atmospheric pressure; 
in the latter case the deficiency is supplied by the check valve 
L. After passing the upper center, the compression piston 
again begins its descent as before. 

When the engine is to be stopped it is only necessary to open 
the small pet cock on the economizer which prevents the accumu- 
lation of pressure. 



Performance of ReecO'Rider Engines^ 



Diameter of 
cylinder. 


Cubic ft. of 
gas per hour. 


Quarts of 
Kerosene 
per hour. 


Pounds of 

Anthracite coal 

per hour. 


Gallons per 
hour for total 
head of 50 feet. 


5 inch 

6 " 
8 " 

10 " 


20 

70 

90 

100 


2 
3 
4 
5 


3 

4to5 

6 to 7 

7 to 8 


350 
1000 
2000 
3500 



Directions for Running the Reeco'Rider Engine,- — ^The following 
instructions will be found hdpful in the management of this engine. 

Firing. — If gas be used as a fuel, do not apply the light until the gas 
has been turjied on three seconds. The proper heat is obtained from blue 
flame, though sometimes it is necessary, where gas is deficient in heat, 
to have a little red in the flame. If engine nm too fast, shut off the gas 
tmtil the proper speed is obtained. 

If coal be used, the fire should be lighted one-half to three-quarters of 
an hour before it is required to start the en^ne. Use anthraate coal of 
chestnut size if it can be obtained. Other kinds of fuel will answer, but 
this is preferable. 
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When the engine is hot enou^ to have its full powers, the heater — the 
casting hanging over the fire marked "F" in sectional cut— ^ould be a d^U 
cherry red. If this color cannot be obtained, the draught is defective or 
the fuel deficient in heat. To ascertain whether the heater is red, insert 
small fire shovel in the fire chamber so as to prevent the reflection of the 
flame on the heater, and this will allow you to see whether the heater is 
red or not. 

Keep a thin, bright fire when the en^e is running. Keep the ash pit 
clean. Do not allow engine to stand still with a fire in it and the draught 
wide open. Close the lower and open the top door whenever your engine 
stops, even for Sve minutes; and when through pumping, open top door. 

If the engine run faster than desired, open the top door a little. 



Figs. 3,278o' and 3.277. — Qa« pipe coonectioo. A. positioa wtwa lightinjt ga9 or tumioa off ; 8, 
pOBJtion whilo Baa is burning. Jn Htting up one of th«sa engiaes njth a gaa fumacfi, it ia 
advisable to have gad pipe sutlicieatly laiVE, in order to keep the pressure of the gas up to 
its proper point when it is delivered lo the burners, otherwise the burners will not work 
satiEfactorily. The proper size ia M inch for 5 inch engine; % inch (or 6 inch engine; ii 

pipes are long, when they should ba bcreased. Connect gaa pips to threaded end of A. 
Putaeockineaspipe. within one or two feet of engine, and regulate supply of eaa by openirv 

aranotobeyed, there wul bo a report like a small pistol shot, but no damage will be done. If 
position B IS not kept when gas ha^ been lighted, not enough heat will be got from the gas. 
The right heat is obUined from a blue flame, and engine should start in from ten to tlurty 
minutes after lighting gaa. A little obaerwtion of tho fl agiq will teach thQ attendant how to 
start the engina ;n the uiortest time. 

Oiling. — Never use lard oil or any gummy oil. An excellent mixture 
is a compound of paraffin and sperm oils, in the proportion of two parts 
of the former to one of the lattCT. The manufacturer recommends an oil 
known as "Rider Engine Oil, No. 20." 

Oil the engine every time it is used, but apply only^ just enough to the 
pistons to keep them always bright. Too much oil is injurious, as well 
as wasteful. 

Never allow the oil cups to get empty. Be sure that the end of the wick 
passes down, the tube to the shaft or pin. A few drops of oil should be put 
into the oil hole at the lower end of the connecting rods- 
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Cleaning. — The effect of neglect to keep the interior of the engine clean is 
to greatly increase the friction, whereby much of the power of the engine is lost, 
and consequent overheating must be resorted to to make the engine continue 
to work effectively. Continuance in this overheating will result in burning 
out the healer. This wiU never happen if the instructions in regard to'cleaning 
be observed. 

When the engine is in need of cleaning, it requires a heavier fire and 
longer time to get it in operation. It also will be apparent by the diffi- 
culty experienced in starting, as the hot piston will show a tendency to 
stick in the bottom of the cylinder. This may be seen when the engine is 
cold by noting whether the wheel can be turned round freely with the air 
cock open. If not, the engine should be cleaned. 

To dean the inside of the engine, disconnect the connecting rods, remove 
the wheel and leather packings; the pistons may then be (E-awn out and 
scraped thoroughly. In scraping the inside of the hot cylinder, be very 
careful not to aUow any of the dirt to get down into the narrow part of the 
heater. This can be prevented by stufiSng waste or rags into the heater, 
and removing aU scrapings with the rags after cleaning the cylinder. It 
is best to put in two or three layers of rags, making sure they touch the 
interior surface of the telescope, so that any dirt accidentally falling off 
in removing the first layer will be caught on the second, and so on. 

In replacing the piston, see that it is not turned around. 

The Refrigerating Plates, — These must be thoroughly cleaned of all 
grease. They are contained in the passage between the cylinders. The 
grease usually accumulates on the "cold" end. The compression piston 
seldom requires cleaning. 

Pump. — There is a small air cock in bottom of pump. If the air barrel 
should fill with water, it may be recharged with air by opening this cock 
(with water shut off) for a few moments while engine is in motion. Should 
the pim;ip leathers or "buckets" swell, it will make the engine labor and 
sometimes prevent its working. In this case, take out pump rod and trim 
down buckets with sharp knife until the rod will sink to bottom of pump 
tube by its own weight. It may be necessary to prime the pump for a few 
times at first until the valves get thoroughly seated and the leather soft 
(except when the water flows into the Dump from the main or other head). 
A priming cup is attached to top of pump for- this purpose on engines 
pumping from wells or other places where water does not flow into the pump. 

Before starting engine the first time, the valves of pump should always be 
taken out and scrapSi clean, as, after being tested at the Works, the valves 
sometimes "seat" too tight. If this be not done, it may be impossible to 
draw water. Should a deep well pump ever fail to deliver the water, 
unless the buckets are worn out, it will be on account of this. 

Starting, — Standing at the fire door, pull down on the fly wheel till 
the hot piston is raised a few inches; then reverse the motion till the spring 
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al the air offers resiitance, when the forward motion can be easQjr made. 
Whea the pistons balance at the upper part of their stroke, they will come 
down witjiout help till the hot piston is nearly at the bottom. 

AfrUJf nirbouignoir let out, byopenioff tha cock At the bottom oC cold cylinder. 
tliQ crank on tha hot end will stand verticHll/ downwanlB. Shut the cock tod pull the 
wheel pait thii point of the fimatest compresnon, and the ensiiie will Btait off at oncf 
if (ufficicntlr hot. Thiiiinot necoury in etarting tho tmxlfuMa. 

Stopping.— To stop the engine, open brass cock in end oi bed plate 
under tompression cyhnder. 

Heater. — If the heater should be burned (orcracked), it becomes appar- 
ent th.ough the air blowing throtigh down on the fire. 

The heater ihould be renewed at once, for if oTeffirina be pei»i«ted in, the 
"teleecope" willbewattied. To replaiv I he nasCer, open the Ore jacket and take off. 
Then moove heater, wluch it held in place by bolt* (marked P. on aectional cut) and 
mala joint for new heater of aibeatoi and oaaty red lead. Screw bolta up tight, and 
do not put fire intoenaine for five houn. The telescope ia held in place by ■crewe. In 
putting back theie screwi, be particular in oboervins that no air leala post them. 

Cheek Voice. — The supply or check valve protects from the back of the 
compression cylinder, and must always be kept m a vertical position with 

onsiinir at bottom. 



Fig. 3.S77a.— Reeco-Rlderconnectingrod. It would be mil to take the key E out, so that ita 
action and the conitruction of the connecting rod may be fully undenitood. It will be le«a 
that it ia wedee ahaped. one eide acting on the upper Inaaa C, ttie other on the lower biaai D, 
through the intcp/ention of a rod B, passing through tha iron tube A, which coonecta the two 
brasfleaor ends of connecting rod. Replacethekey with the ■traightedgeup, and tap lightly 
till it bean upon both iU et^3. Use no fores in this opeiatioa. Neil, sclew up tne nut O 
on the imall end of the ksy till it bean on the washer. Thta caa srobably b« done with the 
esgen. Then screw up the nut P on the broad end irith a wrench, which will sli^tly with- 
draw the key. Be pajticular to alwr- ---'■-•■--'- — ~ •■- " -■ '" 

be too tight. Should it become nee. 

(to adjust the brasaesi, it can be done by onscrewing the tap bolts, which h< 

to the piston. Along soeketwrench is himished with each engine for this purpose. 

Watte Pipe on Hot Cylinder, --^The use of this small pipe is to keep 
the piston packings moderately cool. 

The water n«d only be allowed to diip out slowly, so that the pacldnga naier 
approach a boilimf temperature, ai the leather priU not suffer injury below tha boiling 
heatofwater. "ne imall cock on the f nut of the engine tsgulatesthu waste. 
Cautlon.^In cold weather always open the cocks in bottom of cran- 
pression cylinder and in bottom of pump. 

Itthiibenotdone.the frost may crack those parts. If a bisdng noiae be heard 
about the engme, it indicates an escape of air. The leak should be found and stopped 
immediately, or a larger fire will be reoulred, which will in time damage the hnler. 
This is tilally tmforlanl, 

Ke» the engine wiped clean. Five minutes a day tllus st 



. any lost mot 
ir of the biasse 
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Admission, eccentric, steam engine, ills., 
1,714, 1,716. 
line, indicator card, 1,322, 1.328. 
stroke, gas engine, 1,332, 1,333. 
valr^f ills., 1,702. 

operation, 1,339. 
Aeroplane(s), 1,526-1,612. 
aerofoil* 1,527. 
ailerons* def., 1,527. 
air, force, lift, ratio, diag., 1.570. 

propeller thrust, relation* diag., 
1,560. 

poclcet, def., 1.527. 

resistance, 1,568. 
altitude* effects, 1,573. 
angle of incidence, 1,527, 1.545. 
aspect ratio* 1.529, 1,568. 
banking* 1,529, 1,579. 
biplane, frame* const., ills.* 1,538. 

pusher* Burgess* ills., 1.531. 

tractor, Curtiss, ills., 1,528, 1.529. 

Wittemann- Lewis* ills., 1.532. 
body, 1.529. 
camber, 1,520, 1,545. 
center of gravity, 1,557, 1,589, 1,569. 
chord. 1,529* 1,545. 
classification, 1,542. 
dimbing angle* 1,579. 
cock pit, 1,529. 
control, 1,529* 1.551. 

Deperdussin, ills., 1,554. 

directional, 1.563. 

wheel, ills., 1,554. 
corkscrew dive* ills., 1,582. 
cranking* method* 1,574. 
critical an^Ie* def., 1,529. 
cylinders* iHs., 1.588. 
decalage, 1,530. 

Dei)erdussin control, ills., 1.554. 
deviation* causes* diag., 1,573. 
dihedral angle, ills., 1,555* 1,571. 
directional control, 1,563. 
down control, 1,551. 
drift, 1.530* 1,549. 

set* Sperry, ills., 1,548. 

wires, def.* 1,530. 
effective surface* 1,558* 
elevator, 1,530. 



A«roplaiM(s) ,-rContinued 

engine, adjustments* 1,604* 

carburetter* 1,597. 

care and operation* 1,602. 

cooling methods* 1,596. 

cylinders* 1,587. 

fuel sui>ply, 1,598. 

HaOrScott, ills.* 1.604. 

radiator* 1,596-1,598* 

ignition, 1,599. 

Dixie magneto* 1,600* 1,601. 

Gnome* 1,591* 1,594* 1,602. 

Liberty* 1.587-l,588b. 

lubrication, 1,606. 

preparing for service* 1,P03. 

radial* 1.589* 1,590. 

rotatixig* 1.590-1,595* 

six cylinder* 1,590. 

storting* 1,607* 1,609* 1,610. 

stopping* 1,610. 

Sturtevant* ills., 1,603. 

inlet and exhaust, ills., 1,607. 
oil i>ressure relief, 1.608. 
rototing engine, 1.592. 
timing chart, 1,604. 

vertical c]^der, 1,589. 
equilibrium, mag., 1,568, 1,569. 
fineness ratio* 1,530. 
flans* 1,530. 

flight* mechanics, 1 ,565. 
flying, climbing* 1,579. 

diving* 1.578, 1 582. 

gliding, diag., 1.577. 

looping* 1,581. 

preliminary inspection* 1,574* 

recovery, 1,575. 

stolling, 1,575. 

starting* 1,575* 

turning* 1,579. 

upside down, diag., 1,577. 

wires, 1,530. 
forces* acting on, 1,568. 
frame, biplane, ills.* 1,538. 

rear end, ills.* 1,541. 
fuselage* 1,530. 
guys* 1,530, 1.545. 
gliding angle* 1,530. 
hangar, 1.530* 
horns* 1,530. 
horiumtal, pin* 1,530. 

stobilizers* 1.530* 1.551. 
hydro* Curtiss* ills.* 1,536. 
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Amroplmnt (t) t^^tmlinued 



tnptUtr, 1.B63. 



ills .,'1,531. 



control, ills., 1,662. 
lidt, slip, &ef., 1,533, 1,580. 

Burisce, ilia., 1,SS8. 

thrust, causes, 1.SG7. 
sldd, t,533. 
lUp, propeller, 1,564. 

Jreventiog, ills., 1.5S0. 
dive, ills., 1,5S2. 
spread, I, £33. 
slobaUy, del., 1,535. 

longituduuili 1,G70. 
Etabiliier, def., 1,535, 1,568, 1,650, 1.672. 
staEEH, 1,535, 1,545. 
staSme, 1 635, 1.67«, 1,679. 

stream fine, 1.535. 
struts, 1.635, l,6fl7. 
lail, 1.536. 

sldd, 1.535, 1.536, 1.641. 

slide, diag., ' '^'b 
thrust, propelle 



,„ I.5t 

iropeller. i 



1.561, 



ITOclar, 1.535. 

tuptane, ills.. 1.53 
tTBiling edffe, 1.535. 
undercarriage, 1,635, 1 



vertical pin, 1,535. 

stabitiier, def., 1,535. 
volplaiw, 1,536. 
varp, 1,535. 

control, 1,553. 
amrft, in, 1,535, 1.561. 

out, 1,636,1,961. 
wheel oontTDl, ills., 1 ,654. 
an%ts, arransement, 1,545. 

covering, des., 1,546. 

curved, effect, dug., 1,543* 

dope, 1.548. 

flat, effect, dia«., 1,542. 

frame, wiring, det., iUi., 1,546. 

fiamework, Uis., 1.E43, 1,6M. 

inclined, 1,555. 

inclining, 1,566. 

lift, 1,566. 

shape, 1,567. 

sldd, 1.536. 



!mbly,il: 



1.53B. 

r, exploAioD pressure, 1,347. 
force, aeroplane, diag., 1.560. 1.520. 

ratio fMHrnblistion, 1.346. 
resisttince aen>p,lsne,^i)ls., 1^. 

temperatui*, ho 
cooled, BBS engii 

^p, electrical, 1 

iS"t™'AV«?i!','' 
pocket, aeroplai 



., 1.396. 
jiae, 1.73U. 
1,430, 1.4s 



e, ills., 1,665. 



^n drauaht, ills., 1,514, 1 
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Allis-Chalmers, gm •ngin;— Continued 
cylinder, ills., 1,441. 
inlet valve, ills., 1,440. 
Alternating current, 1,398* 
Altitude, effects, aeronautics, 1,573. 

steam engine capacity, diag., 1,674, 
1,675. 
Ampere, def., 1,398. 
Amsler gas producer blower, ills., 1,511. 
Analysis, carbon, gas ptroducers, 1,495. 
Angle, aeronautics, climbing, diag., 1,579. 

critical, def., 1,529. 

dihedral, ills., 1,555, 1.571. 

drift, 1,548. 

gliding, 1,530. 

mcidence, 1.527, 1,545, 1,560. 

resistance, 1,560. 

stalling, diag., 1,579. 
Axiimal oils, gas engine lubrication, 1,432. 
Apparent slip propeller, 1,684, l,732(f. 
Ar^, effective propeller, 1,732[;. 

projected, 1,723. 

valve, to find, 1,337. 
Asi)ect ratio, aeroplane, 1,529, 1,568. 
Augmenter, Parsons yacuttm, 1.7326. 
Automatic cut off, dia^am, 1.666. 
Automobile, engine. Knight, ills., 1,346. 
Lozier, parts of, 1,344. 
Packard, ills., 1,351. 

magneto, 1,399. 
Auxiliary, apparatus, steam engine, 1,668. 

exhaust pipe, gas engine, ills., 1,378. 



B 



Back pressure, 1,650. 

steam engine, 1,650. 
Backus suction gas producer system, ills., 

1.512. 
B&hkf aeroplane, 1,529. 
Bankm^, aeroplane, 1,579* 
Bars, wmg, aeroplane, 1,535. 
Battery, electric, 1,399. 
Bauroth gas engine, ills., 1,363« 
Bearings, steam engine, ills., 1,707-1,710. 
Bed plate, steam engine, 1,707, 1,708. 
Benzme, petroleum distillate, 1,451. 
Bessemer, oil engine fuel pimip, ills., 1,467. 
Bilgram diagrams, 1,695, 1,696, 1,698. 
Biplane, frame, ills.» 1,538. 

lateral control, diag., 1,552, 1,553. 

observation. Burgess pusher, ills., 1,531. 

tractor, Curtiss, ills., 1,528, 1,529. 

warp control, 1,553. 

Witteman-Lewis, ills., 1,532. 
Blade area, propeller, 1,732A. 
Bleriot monoplane, construction, ills., 1,537. 
Blower, gas producer, Amsler, ills., 1,511. 
Boat, flying, Curtiss, ills., 1,534. 

freight, light draugh. His., 1,521. 

propellers, l,732c-l,732n. 
built up, ills., l,732i. 
squatting, 1,732*. 



Boat, propeiier9, — Continued 
stuffing box, 1,73:^'. 
Body, aeroplane, 1,529. 
Bolts, cylinder, 1,702, 1,703, 

head, 1,690. 
Bonnet, gas engine, ills., 1,440. 
Bosch magneto, ills., 1.337, 1,443. 
BraceSf aeroplane, control, 1,529. 
Browmng, longeron, aeroplane, ills., 1,539. 
Bracket, exhaust lever, gas engine, ills., 1,375. 
Brake, friction rope, 1,622. 

horse power, 1,621. 
gas engine, 1,371. 

prony, ills., 1,371. 
Bridge, electrical, 1,398. 
British Thermal Unit, definition of, 1,315. 
Buckeye engine, load ciurve, 1,063. 

power ratings, 1,663. 
Buckeye-mobile power ratings, diag., 1,663. 
Burgess- Dtmne flying boat, ills., 1,533. 
Burgess pusher observation biplane, ills., 

1,531. 
Busch-Sulzer Diesel engine, ills., 1,485, 1,487. 

lubrication, ills., 1,486. 
Buscoe radiator, vertical type, ills., 1,429. 
By pass, carburetter, oil engine, ills., 1,455. 



C 



Calorimeter, steam engine selection, thro^ 

tling, ills., 1,640. 
Cam, aeroplane engine. Gnome, ills., 1,602. 
position, diag., 1.604. 
gas engine, ills., 1,424, 1,425. 
device, valve, ills., 1.423. 
Foos, 1,338. 
gear, ills., 1,375. 
shafts, 1,381, 1,422. 
valve, lifting, ills., 1,423. 
Camber, aeroplane, def., 1,529, 1,545. 
Cameron air cooled gas engine, ills., 1,431. 
Capacity gas producers, 1,526. 
Carbon, gas producers, analysis, 1.495. 
Carburetter,^ aeroplane engine, 1,597. 

gas engine, see Gas engine carburetter, 
oil engine, by pass, ills., 1,455. 
Card, indicator, automatic cut off engine, 
1,695, 
cutoff, 1,664.1,666. 
Diesel engine, ills., 1,474. 
expected, 1,681. 
gas engine, 1,328, 1,354. 
marine engine, 1,680. 
oilengine, 1,464, 1,468. 
Camot cycle, 1,322, 1,473. 
Carpenter separator tests, 1,670. 
Case, crank, aeroplane engine, ills., 1,612. 
Cavitation, propeller, 1.7ii2e. 
Cell, electric, def., 1,399. 
Center of gravity, aeroplane, 1,557, 1.569. 
Chamber, carburetter, mixing, 1,383. 
Chapman gas producer, ills., 1,504. 
Charging hopper, gas producer, ills., 1.498. 
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Chaiging gtroke, gas engine, action dtiringy 

1.320. 
Check valve^ hot air engine* 1,750. 
Chaxactemtic load curves, steam engine* 

diag., 1,603. 
Chordf aeroplane, def.» 1,529, 1,546. 
Churning, propeller, 1,732;. 
Circuit, electric, 1,398. 

iguitiom, gas engine, primary, 1.411. 
high tension, 1,407. 
vibrator coil, ills., 1,412. 
Clearance, gas engine, 1,375. 
steam engine, effect of, 1.608* 

zero, object of, 1,683. 
zero, air pump, ills., 1,731. 
Climbing angle, aeroplane, diag., 1,579. 
Coal, gas producer, qualifications, 1,525. 

hot air engine, 1,751. 
Cockpit, aeroplane, def., 1,529. 
Coefiocient, pressure and temperatxire and, 

the table of, 1,343, 1.361. 
Coils, gas engine, ignition, 1.415. 

vibrator, ills., 1,400, 1.412. 
Combined efficiency, steam engine selection, 

example, 1.631. 
Combustibile weight, 1,630. 
Combustion, gas engine, 1.347. 
air ratio for, 1,346. 
chamber, 1,374, 1,375. 
external, 1,315. 
maximum temperature, 1,845. 
pressure of, 1,350. 
gas, producer, 1,493. 

hot air engine, 1,739. 
Compound condensmtrsteam engine, economy, 
curves, 1,660, 1,670, 1,671. 
mm-condensing, gnd iron valve, economy 
curves, diag., 1,641. 
four valve steam engine, diag., 
1,667. 
Compression, Diesel engine, 1,492. 
stroke, 1,474. 

Sas engine, 1.318, 1,340, 1,341. 
ot air engine, 1,750. 
oil engine, 1,465, 1.472. 
steam engine, l,65i, 1,652. 
uniilow engine, 1.658. 
Compressor, air, Diesel engine, 1,477. 
Condensate removal, 1,720. 
Condensation, various cut off, steam engine, 

1,646, 1,647. 
Condenser air leakage, 1,7326. 
air pump, 1,729. 
steam, boats, 1,670. 
engine, 1,673. 
Condensing, diagrams, 1,673. 
engine, 1,619. 

back i>re8sure, 1,650. 
curve, economy, 1,660, 1,670, 1,671. 
steam consumption, 1,628, 1,658. 
Conductor, electrical, 1.308, 1,399. 
Connecticut nuigneto interrupter filing slot, 

ills., 1,415. 
Connecting rod, aeroplane engine, ills., 
1,611. 
feed pimip, ills., 1.727. 



Connecting rod,-^OM<rmMi 
gas en^e, ills., 1,375, 1,377. 
oil engine, ills., 1,460. 
steam engine, ills., 1,718-1,721. 
Contact, breaker, gas engine, ignition, ills.* 
1.409. 
maker, gas engine ignition, 1,410. 
C<»8umption, steam, Williams law, 1,030. 
Control, aeroplane, see Aeroplane control. 
Cooling, aeroplane engine, 1,506. 

gas engine, 1,426, 1,427, 1.430, 1,446. 
Corkscrew dive, aeroplane, ills., 1,582. 
Corliss engine, condensers, curves, 1,670. 
Crank, case, aeroplane engine, ills., 1,610, 
1,612. 
sht^t, Diesel engine, ills., 1,483. 
gas enginSf ills.. 1^375, 1,377. 
steam engine, design, 1.721-1.723. 
Crankisg, aeroplane, 1,574. 
gas engine, 1,395, 1.438. 
Critical angle, aeroplane, 1,529. 
Cross hMtdrulB.* 1.710-1.718. 

roller, flls., 1,726. 
Crude oil, 1,449-1,451, 1,454. 
Current, electric, 1,398, 1.399. 
gas engine, secondary, 1.408. 
trouble, testing, 1,411. 
CurtisSf biplane tractor, iUs.. 1.528, 1,529. 
flying boat, side view, ills., 1,534. 
hydro-aeroplane, ills., 1,536. 
v engine, ills., 1,584. 
Curve, economy, compound, condensing 
enmne, 1.660, 1.670, 1,671. 
four vsJve engine, 1,659. 
non-condensing engine^ 1.661, 1,667. 
steam consumption, uxuflow engine, 
1.658. 
Curved wing, aeroplane, 1.542. 
Cut off, and condensation, relation, diag*. 
1.647. 
automatic, curve, 1.666. 
economical, load curve, diag.^ 1,664. 
effect on cylinder walk, diag., 1,648. 
non-condensing engine, 1,664. 
temperature ranges, diag., 1.648. 
variable, 1,667, 1,714, 1,717. 
various, 1,646. 
varying, 1,662. 
Cycle, gas engine, 1,322, 1,325-1,330. 
Camot, diag., 1,322. 
four 1,323-7,330, 1,348, 1,363-1364, 

1,368. 
two, 1,365-1,370. 
Cylinder aeroplane engine, number, l/iS79 
1,588. 
heads, sturtevant, ills., 1,008. 
Diesel engine, 1,479. 

head, ills., 1,480. 
jacketed, 1,479. 
not air engine, 1,741. 
cylinder case, 1,748. 
Ericsson, l,738jl,747. 
gas engine, des., 1,373. 

Allia-Chahners, ills., 1.441. 
details of, ills., 1,334. 
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Cylinder, gna anginm,- — Continued 

head valve com.» Dempster, ills.» 

1,378. 
horizontal, oil distributor, force 

feed, ills., 1,432. 
lubrication, 1,432. 
oil selection, 1,432, 1.433. 
steam engine, bolts, construction, 1,702, 

1,703. 
cover stiffening, 1,694. 
design, 1.654, 1.686, 1,687. 
dimensions, steam engine, 1,684, 

1,685, 1,687. 
head bolte, 1,604, 1,696, 1,700. 
initial condensation, ills«» 1,647. 
pocketing, degrees, ills., 1,656. 
proportion, 1,654. 
temperature changes, 1,645. 
studs, construction, 1,703, 1.702. 
temperature, ills., 1,648. 
walls, effect of cut off on, diag., 

1.648. 

temperature determining, 1,682. 



D 



Dead wood, effect of, l,732g. 
Decalage, aeroplane, def., 1,530. 
Deep well pump, 1,747. 
De La Vergne oil engines, ills., 1,463, 1,464, 
1,468. 

semi- Diesel, 1,470-1,472. 
Dempster cylinder head, gas engine, valve 

cons., ills., 1.378. 
Deperdussin control, aeroplane, ills., 1,554. 
Designing an engine, 1,677, see Steam engine 

design. 
Deviation, aeroplane, diag., 1,573. 
Diagram, Bilgram, 1,698, 1.699. 

factor, 1,681, 1,682. 

indicator, see Indicator diagram. 
Diameter exhaust pipe steam engine, 1,650. 
Dielectric, def., 1,399. 
Diesel engine (s), 1,473-1,492. 

air compressor, 1,477, 1,484. 

AUis Chalmers, 1,476, 1,477. 

arrangement, 1.476. 

Busch-Sulzer, ills., 1,485. 

compression, loss, 1,492. 
stroke, 1,474. 

crank shaft. National, ills., 1.483. 

cylinder, 1,479. 

head, ills., 1.480. 

economy, 1,486. 

fourcycle, 1,474, 1,487, 1,490. 

fuel pump, 1,480. 

gears, ills., 1,488. 

ffovemor, 1,481-1,483. 

Ignition troublCf 1.491. 

Indicator card^ ills., 1,474. 

irregular runmng, 1,492. 

lubncation, 1,485, 1.486. 



Di«a«l 9n^cn»(»),— Continued 

National, ills., 1,478, 1,479. 

oil, 1.315. 

operation, ills., 1,476, 1,490. 

overloading, 1,492. 

ports, ills., 1,478, 1,479. 

pi^'ton. National, ills., 1,480. 

pulverizer, 1,477, 1,481. 

pump, fuel, 1,480, 1,491. 

running, 1,490-1,492. 

Southwark Harris, iUs., 1,489. 

sjwayer, 1,477, 1,481. 

starting, before, 1,490, 1,491. 

stopping, 1,491. 

troubles, 1,491-1,492. 

two cycle, 1,474, 1,489. 

types, 1,477, 1,478. 

valve, starting, 1,483. 

gear, ills., 1,477, 1,485. 
Dihedral angle, aeronautics, ills., 1,555, 

1,571. 
Direct current, 1,398. 
Directional control, aeroplane, 1,563. 
Distillate, def., 1,451. 
Distributer, gas engine ignition, 1.410. 
Diying, aeroplane, 1.531, 1,578, 1,582. 
Dixie magneto, ills., 1.600, 1.601. 
Domestic, gas engine, parts, ills., 1,376, 
1,406. 

oil engine, piston, and connecting rod, 
ills., 1,460, 
Donken, steam cylinder jacket tests, 1,656. 
Dope, aeroplane, 1,530, 1,546-1,549. 
Double, acting gas engine, ills., 1,360. 

ignition system, aeroplane, 1,600. 

zone gas producers, 1,515. 
Down, control, aeroplane, diag., 1,550, 1,551* 

draught, gas producer, 1,510, 1,514, 
1,517, 1,518. 
Drag, aeroplane, 1,530. 
Dredge, suction, operated by gas producer, 

ills., 1,517. 
Drift, aeroplane, 1,530-, 1,549, 1,568. 

angle, 1,548. 

set, 1,548. 

wires, 1,530. 
Drive, feed pump, ills., 1,727. 
Drop, cause of, 1,695. 
Dry steam, 1,639. 

Dubois, auxiliary exhaust pipe, gas engine, 
iUs., 1,378. 

gas engine governor, des., 1,379. 
Dunham pump, author's design, ills., 1,673. 
Dynamic head engine, «ills., 1,623. 
Dynamo, parts, 1,399. 



E 



Eccentric, admission, ills., 1,714, 7 ,716. 
exhaust^ ills., 1,715. 
guides, ills., 1.722. 
rod, ills., 1706. 



VI 
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Eccentric, — Continued 

shifting, ills., 1,696, 1,698, 1,714-1.716. 
Economical cut off, steam engine, load curve, 

1,664. 
Economizer, hot air engine, 1,750. 
Economy, steam engine, 1,633. 

curvest condensing steam engine, diag., 
1,671. 
Corliss, diag., 1,670. 
four valve engine, 1,659. 
non-condensing engine, 1,650, 1,661, 
1.667. 
testing for, 1.640. 
Edge, landing, aeroplane, def., 1,530. 

trailing, aeroplane, def., 1.535. 
Effective area, propeller, l,732i, 1,73^'. 
horse power , 1,621. 
formula, 1.622. 
Efficiency, def., 1,620, 1.624, 1,626. 
mechanical^ def., 1.627. 

gas engine, the, 1,363, 1,371. 
steam boiler, classes, 1,625, 1,629. 
steam engine, 1^624-1,628, 1,657. 
thermal gas engine, 1,318, 1,365. 
Electric, circuit, des., 1,398, 1,412, 1,413. 
current, des., 1,398. 
induction, 1.398. 
kinds of, 1,398. 
magnetism, 1.398, 1.399. 
production, 1.399. 
short circuits, 1.414. 
wires, 1.398, 1,399, 1.414. 
Electric ignition, gas engine, 1,397-1.418. 
Equilibritun, aeroplane, diag., 1,568, 1.569. 
Ericsson hot air engine connection, 1,744. 
Exhaust, gas engine, 1,355. 
loss in^ 1,359. 
lever, ills., 1,375. 
pipe, auxiliary, Du Bois, ills., 

1,378. 
pressure in, formula, for, 1,361. 
stroke, action during, 1,320, 1,355. 
temperature, meaning of, 1 ,362. 
valve, gas engine, ills., 1,375. 
opening, degree of, 1,357. 
oil engine stroke, 1,472. 
steam engine, arms, ills., 1,706 
cramped, cause of, 1,695. 
eccentric, ills., 1,715. 
independent, how effected, 1,683. 
manifold, ills., 1,703, 1,730. 
pipe, 1,650, 1,672, 1,673. 
ports, 1,696. 
rack, ills.,fl,730. 
valve, ills., 1,702. 

independently driven, 1,668. 
rod, ills., 1,706. 
Expansion, gas engine, 1,349. 
adiabatic, 1,323. 
conditions for, 1,318. 
isopiestic, def., 1,320. 
temperature during, 1,321. 
steam engine, degree, advantages, 1,642, 
diag., 1.642. 
multi-sta^e, steam, 1,659. 
single, cylinder jacketed, 1,645. 



EiqMuuion, Mtmeun mngine, tingi; — Con. 

stage, 1,659. 
Expected card, steam engine, 1,681. 
Explosion, pressure, gas engine, effect of air 

on, 1,347. 
temperature in gas engines, conditions 

of, 1,347. 
External combustion gas engine, 1,315. 
Extractor, tar, smith, ills., 1.518. 



F 



Pay & Bowen marine engine, the* ills., 
1,365. 
parts, ills., 1,373. 
two cycle, ills., 1,370, 1,374. 
Feed, pump, ills., 1,723-1,725, 1,727. 

author's spring cushion for steamer 
Stornaway II. 
water, consumption, steam engine, diag., 
1,619. 
Fedders radiator, ills., 1,429. 
Fin aeroplane, def., 1,530, 1,535. 
Fineness ratio, aeroplane, def., 1,530. 
Fire test for aeroplane dopes, 1,548. 
Firing, hot air ehgine, 1,745, 1,751. 
Flaps, aeroplane, def., 1,530. 
Flash point cylinder oil, 1.433. 
Plat wing, aeroplane, diag., 1,542. 
Flight, mechanic, of, 1,565. 
Float, carburetter, leaking, 1,391. 

feed, types, ills., 1,384. 
Fever, gas producer, 1,526. 
Fly wheel, hot air engine, ills., 1,747. 
Flying, see Aeroplane, flying. 
Flues gas engine, ills. & des., 1,337. 

operation, 1,330. 
Foot pounds, diagram representing, 1,317. 
Force (s) acting on aeroplane, 1,568. 

air, propeller thrust, aeroplane, relation, 

diag., 1.569. 
feed oiler distributer, ills., 1,432. 
pump hot air engine, 1,735. 
Formula, effective horse power. 1,622. 
electrical horse power, 1,624. 
gas engine, exhaust pressure, 1,361. 
valve area, 1,337. 
gravity, oil, 1,453. 
horsepower, 1,622, 1,624. 
in racing boats, 1,372. 
Forward vertical stabilizer, aeroplane, ills., 

1,559. 
Fourcycle, Diesel engine, 1,474, 1,475, 1,487, 
1,490. 
gas engine, ills., 1,360, 1,420. 
valves, 1,377. 

gear, Gra^^ ills., 1,327. 
Four valve, steam engine, economy curves, 

1,659, 1,667. 
Frame, aeroplane, ills., 1,541, 1,546. 
biplane, com., det., ills., 1,538. 
steam engine, ills., 1,710, 1,711, 1,712. 
Freezing prevention hot air engine, 1,748. 
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Preigfit boBt, light draught, ills., l.f 

rolK bcskes, diag., 1,^.' 
Fuel, aeroplane engine, l.fiBS. 
Diesel engine, 1,480. 
tas cfisiiur, 1,339, 1,34S, 1,392. 



Fuller «:/c 



G 

Gap, aeroplane, see Aenplaae engine. 
Gaip action under constant preasurc, di 
gram of, 1,317, 1.318. 

eipaniion, diag., 1 ,330. 

fuel bat air engine, 1,751. 

geoeffit^^ Bvatem, suction down draugt 
diag., I,fil0. 

nieter, how to read, diag., 1 ,523. 

qualities of, 1,321. 
Gaa engine Is), 1,315-1,448. 

admission, slroLe of, 1,332, 1,333. 

aeroplane, see Aeroplane engines. 

baet pressure, causes of, 1,368. 

bracket, ciliauat lever, ilia., 1,375. 
brake hoise power, 1,371. 
cam, shaft, ills., 1,423-1,425. 

gear, ills., 1,375. 

His., 1.422-1 .425. 
curbureUa buoyancy, ills., 1,382. 

contjol levers, 1.437* 

design, 1. 303. 

fiaat, chamber, ills., 1.387, 1,389. 
feed, ills., 1.384. 

gasoliiu, flow, 1,389. 

impure, 1,302, 1,393. 

Kingston, ills., 1,390. 

Ifokins, ftoaC 1,391. 
tank. ),3ei. 

mixing chamber, 1,333, 1,385, 1.38 
1.3Se. 

mixtuTC 1,385, 1,437. 

puddle type, ills., 1,301. 

rudimentary, ills, 1382, 1,3»4. 

sediment in, 1.445. 

StroDibeis. ills-. 1.389. 

surface type, ills., 1,371. 

tank leakine. 1,392. 

troubles, 1.388, 1,444, 1,445, 1,44 



>■ ■ngliM(*}. ciirbim((«r,^Coiil>>ii>«f 
venturi type, ills.. 1,389. I,3B0. 

clearance, 1,375. 

combustion chamber, 1.347, 1.37S. 

compresaoH, adiabatic, 1.3^. 1,340. 
Btiola, diag.,of, 1,340. 

connecting rod. 'ills.I 1,375. 1,377. 
cooling systems. 1,428-1.430. 
crankshaft, ills., 1,375. 1,377. 
cranking, 1,395, 1,438. 
O^f, four ttioke, names. 1,327. 

two stroke, 1,385-1.370. 
cylindtr details, ills., 1.334, 1,373, 1,441. 

head, 'Valvc cons-. Dempster, ills,, 
1,378. 

lubrication, .1.432, 1.433. 

efficiency of. 1^103, 1.365. ' 
ahausl. 1,355, 1.359. 

lever, ills., 1,375. 

loss in. 1,350. 

pipe, auxiliary, Du Bois. ills., 
1.378. 

pressure, formula for, l,3fll. 

stroke of, 1.365. 

temperature of, 1.3S2. 



*,illa., 1 



1,357, 



.420. 



Pay & fiowe 



hoise power, formula, 1,372. 

BalBiis), 1,377. 

gear. Gray, ills., 1.327. 

worldng parts, position, ills., 
friction, loss in, l,3!Sir 
fuel, 1,345. 1,383, 1.392, 1.303. 1,397. 
PulJer&Johnscn, ills., 1,430. 
puDlctu, no Bow. 1,389. 

pump, itls.i 1,375. 
generator valve, operation, ills., 1.394 
governor, ills., 1,375, 1.376, 1.379-1,381 
lieatloss, 1,359. 
heating, diagrams, 1,352. 
hone power, 1,370-1.373. 
igmiion, direction 1,111-1,418. 

hammer break, 1,406. 

high tension, 1,398. 1,406, 

hot tubes, 1,400, 1,404. 

jump spark, 1.406-1,409. 

lov tension, 1.401-1,406. 

make and break. 1308, 1.402. 
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qpciBtioQ, 1,367, 1^1. 
CHto, nil., 1,320, 1,3M. 
Packard automabile, ills., I 
puto, 1.373. 

pvrfomiAnce, dias., 1.354, 1 
pisUm, 1.375, 1,370. 

tiaa^illi.. 1,375-1,31 
point of ignitio 




isdiatoiB, ills., 1.429. 
rolory, 1. £90-1,504, 1,002. 
^ve, tbc SpeedweUt i 



plu£« broken ingulatioa, 1,443, 
i^gulaUiT, ills., 1,37S. 
speed chajiger, ills., 1,375. 





rt,u^it 
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327.1 








re., 


nt., 1.388. 



theoretical iodiutor diasrajn, 

tbermal efficieocy, 1,303, 1,885. 
IhronU, adjuatinent, 1,438. 

valve, types, illi., 1,302. 
throttlins, theory, ),3S4. 
timina, 1,418-1,421, 1,426. 
troubfes, 1.434,1,435. 
two eyide, 1,395-1,370. 



Mr, circulating, lo 
^Int, leaks, 1 . 
iat pin, 1.37B. 
jducerj, 1.483-1.5 
Krlund, capacity, 
iwer, Amtler, ilia.. 



table, 1.515. 



ilifi^tioiu, 1. 
- '.493. 
ibjectbr 



double Eone, v. 

dowB draught, . 

1.518. 



ufon 



Hilser, ills., 1.498. 
hoppei, charging, Hilger, ills., 1,41 
liouae, Lackawanna Steel Co., 

I.fi24. 
morii.i,ms., 1.516. 

plant, inatallstlcn, diag., l.GIf 

opeiation, l,50a 

fHani, and engine. Marine Prodacer, 
Power Co., ills., 1,520. 
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Honnot monoplane, ills., 1,G4T. 
Ham54m TSdlator* e^a eii^Tie, ilia 



,cclianical_ener5v, 1.315, 1^18. 



los9a gas mgine. 



^ De La Vergoe, Jodicator 



liding, arriManr, 1,577. 

ansle, disg., 1,A30. 
QomB, rotating aernpEaiiem^«,ile3',: 
rotory enjiH;, illi.i 1,394. 

timins diagram, 1.593. 
JVomor, dholCH of, 1 ,668. 
Diael entim, 1,4S2, 1.1S3. 

Matioimlilk, 1,4S1. 
f<u (fliiM, damsCic, ills., 1,376. 

Da Bob, dee., 1.376, 1,3S9. 

Foo»., illus., 1,380. 

hit or miss, ilk., 1,381. 
[ftVBr, ills., 1,375. 
steamenginsthrottUng, 1.666. 



Hoaevcomb radiator pas 



//f" 



Gravity, aeroptane, 
Gray v^ve gear| fc 



igla cylinde 

of. Chap". fi2~l,677to"l.73a3. 
producer, Hilger, """ 
step motion, ilTs., 1, 



1,667, 1 



,&«. 



r cycle gaa engifle, HIl, 

Gny gas engine, lubrication, ills., 1 ,433. 
Giidiion valvi, condmaer, economy curv«, 

lUag., 1,641, 1,671. 
Gimnd. electric, 1,393. 
Grinder, Meam engioe, ills.. 1,712, I.7I3. 



Hydni-aeroplane, Curtiss, iUs., 1.536. 

prcpeliET pitch, l,732f. 
Hydraulic hotw power, 1.623. 1.624. 
HydnJplsjle propeller pitch, l,732f. 
"- -«engine(5).,l.733-l,754. 



H 



B&ll-Scott atrotlaiu mtine, aaa poeitioai 



oil now dLBPtam, ilia 
ladiaton. ills., i.69( 
Hammer break igniter, an ec 
ills., 1,406. 



imng, l,74f 
1 as fuel, I, 



ectinp rods Reeco-Rider, 1.7S4, 



.734, 1.736, 1,737, 



cylinder, 1.741, 1.748. 
economizer, 1.739, 1,7S0, 
Ericsson, 1.738, 1.748. 
filing, 1,745, 1,751. 
fly wheel, 1,747. 
fuel consumptioD, 1.741. 
Iti, combustioa. 1,736. 



X 
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Hot air engineCs) » gat,— Continued 

heater renewing, 1,74S. 

horse jwwer, ills., 1,736. 

oiHn9,1.745, 1,752. 

packing, ills., 1,746. 

/>»/)«, ills., 1,737. 

connection, ills., 1,752. 

power, 1,741. 

cylinder, 1,750. 

pump, 1.735, 1,736, 1,743, 1,753. 

Reeco-Ericsson, 1,741, 1,742,| 1,743. 

Reeco-Rider, ills., 1,749. 
refri^ator, 1,739-1,740. 
Robinson, ills., 1,737. 
setting up, ills., 1,752. 
speed, 1,745. 
starting, 1,745, 1,753. 
Stirling, ills., 1,734. 
stopping, 1,745. 

temperature changes, ills., 1,734. • 
tests, ills., 1,737. 
use of, 1,741. 
water space, iUs., 1,737. 
Wilmington-Ericsson, ills., 1,746. 



I 



Igniter, gas engine^ 1,375, 1,401. 

hammer break, operation, ills.y 

. 1'406. 
ignition troubles, 1,415. 
oil engine, head, ills., 1,461. 
Ignition, aeroplane engine, double, des., 
1,600. 
Diesel engine, 1,491. 
^ gas engine, see Gas engine ignition. 
Incidence, angle, aeroplance, 1,527, 1,545, 

1.560. 
Inclined wings, aeroplane, 1,555. 
Indicated horsepower, 1,6^1. 
Indicator card, automatic cut off engine, 
1,695. 
cut off, 1,664, 1;666. 
De La Verprne oil engfine, diag., 1,464. 
Diesel engine, ills., 1,474. 
gas engine, fair performance, 1,354. 

poor performance, 1,354. 
marine engine, 1,680. 
oil engine, four cycle, ills., 1,468. 
theoretical, gas engine, 1,328. 
Venn-Severin oil engine, diag., 1,465. 
Induced current, 1,399. 
Induction, def., 1,399. 

coil, electric, 1,398. 
Initial, condensation cylinder, ills., 1,647. 
pressure, diag., 1,634, 1,636, 1,637. 
in condensing, 1,673. 
Inlet valve gas engine, ills.. 1,375, 1,440. 
Installation marine gas producer plant, diag.. 

1,519. 
Insulation, electric, 1,398. 
Internal combustion gas engine* 1,315. 



Interrupter, ma^eto, filing slot, ills., 1,415. 
Isobar, description of, 1,320. 
Isometric line, def., 1,321. , 

Isopiestic compression, def.» 1,320. 
Isothermal line, 1,318. 



J 



Jacket, steam engine, design, 1,678. 1,689. 
efficiency, 1,657. 
valve, 1,655. 
hot air engine, Robinson, ills., 1,737. 
Jacketted engine, condensing steam engine, 
single cylinder, number of ex- 
pansions, 1,645. 
Graham, marine for steamer Stornowaif 
II, design of, Chap. 52—1,677 to 
1,732a. ills., 1,678. 
non-condensing, number of, expan- 
sions, number, 1,645. 
Jacketing, steam engine cylinder, ills., 1,656. 
Jacobus, propeller area ratio, 1,73^'. 
Joints, steam engine, 1,657. 

tongue and groove, ills., 1,703'. 
Joy stick, aeroplane, 1,530,^ 1,552. 
Jump spark, gas engine ingition, 1,398. 



K 



Kerosene engine, 1,459. 

R & V, ills., 1,457. 

vs. gasoline engine, 1.459. 

Woodpecker^ ills., 1,456. 
Kingston ventun carburetter, principle, ills., 

1.390. 
Knight gas engine, ills., 1,346. 



L 



Lackawanna Steel Co., gas producers house, 

ills., 1,524. 
Laminations, wooden, aeroplane, ills., 1,563. 
Landing, aeroplane, cave in, 1,583. 

gear, 1,530, 1,541. 

wire, 1,530. 
Lateral, control aeroplane, 1,552, 1,553. 

motion in diving, aeroplane, diag., 
1,578. 

stability, aeronautics, def., 1,555. 
Law(s), current, electricity, 1,398. 

straight line, Wil'iams, diag., 1,637. 

thermodynamics, meanings of, 1,316. 
Leadf electric, 1,398. 
Leading edge, aeroplane, def., 1,530. 
Leaks, preventing hot air engine, 1,748. 
Lever, exhaust, gas engine, ills., 1,375. 
Liberty aeroplane engine, ills., 1,587, 1,588, 
1,588a. 
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Light draught freight boat, ills.* 1,521. 
Line* indicator* diagraiiit adiabatic, 1,319» 
1,321-1,323. 

admission* 1,322, 1,328. 

compression, 1,328, 1,340. 

exhaust, 1,355. 

expansion, 1,328, 1,349. 

isometric, description of, 1,321. 

isopiestic, description of, 1,320. 

isothermal, diag., 1,318. 

thermal, 1,317. 

pre-release, 1,352. 

straight line law, Willans', 1,636, 1,637. 
Load, steam engine, 1,662, 1,663, 1,664. 
Loadstone, def., 1,398. 
Loomis-Pettibone gas system, 1,510. 
Lubrication, Diesel engine, 1,485, 1,486. 

gas enginef choice of lubricant, 1,432. 
systems, 1,431->1,434. 




Magnet, 1,398, 1,399. 
Magnetism, def., 1,39S, 1,399. 
Magneto, def., Ii399. 

gas enginef ignition, circuit, 1,413. 
Bosch oscillating, ills., 1,443. 
high tension, 1,400, 1,416. 
interrupter, filing slot, ills., 1,415. 
low tension, 1,400. 
Sumpter, ills., 1,417.^ 
Manifold, steam and exhaust, ills., 1,703. 
Marine engine, Diesel, Fulton, ills., 1,490. 
Nelson, ills., 1,475. 
gaSf double iacting, 1,348. 

Fay & Bowen, ills., 1,365, 1,370, 

1,373, 1.374. 
Palmer, lubrication, ills., 1,434. 
oil. Monarch, 1,453^ 1,455. 

Raabe, scavenging variable compres- 
sion, ills., 1 ,466. 
propellers, 1,732<;-I,732n. 
steam indicator card, 1 ,680. 
Marine gas producer, 1,516, 1,519, 1,520- 

1,522. 
Mean effective pressure, 1,683. 
Mechanical, energy and heat energy, 1,315, 
1,316. 
gas producer. Treat, ills., 1,506. 
scrubbers, gas producer, 1,515. 
vibrator, gas engine ignition, ills., 1,409. 
efficiency, gas engine, 1,371. 

steam engine, 1 ,626, 1 ,627, 1 .632. 
Mechanics of flight, aeronautics, 1,565. 
Meitz & Weiss oil engine, 1 ,462. 
Meter^ gas, how to read, diag., 1,523. 
Misfiring, gas engine, 1,395, 1,415. 
Mixing chamberj carburetter, 1,385, 1,386. 
Monarch oil engine, ills., 1,453. 
Morgan gas producer, ills., 1,497. 
Muffler, gas engine, the, ills., 1,357, 1,358. 
Muncie, scavenging engine, ills., 1,459, 1,461. 



N 



National Diesel engine parts, ills., 1 ,478, 1 ,479, 
1,480, 1,481-1,483. 

gas engine, itls., 1,360, 1,362. 
Nelson producer plant, ills., 1,522. 
Net efficiency, steam engine, 1,631, 1,632. 
Nominal horse power, 1,621. 
Non-condensing engine, ills., 1,619. 

back pressure, 1 ,650. 

four valve, economy, 1,659, 1,667 1,679. 

single cylinder, number of expan., 1,645. 

unmow engine, steam cons., 1,658. 







Ohm, def., 1.398. 

Oil, animal, gas engine lub., use, 1,432. 

combustion requirements, 1 ,464. 

crude constituents, ills., 1,450, 1,451. 

distributer gas engine, 1 ,432. 

fuel, heat values, table, 1,455. 

gas engine, cylinder, lubrication, 1,432. 
starting, 1,437. 

gravity,, 1,452, 1,453. 

lubrication, gas engine, 1 ,432. 

pump, Bessemer, operation, ills., 1,467« 

residual, kinds, 1,452. 
Oil engine(s), ,1,449-1,472. 

classification, 1,455, 1,456. 

compression stroke, 1 ,472. 

cruoe oil, 1 ,449. 

De La Vergne, 1,463, 1,467, 1,470. 

Diesel, two cycle, Southwark-Harris, 
parts, ills., 1,489. 

exhaust stroke, 1 ,472. 

four cycle, ills., 1 ,463. 

indicator card, ills., 1,460* 

fuel{s), kinds of, 1,449. 

pump, Bessemer, ills., 1,467. 

heavy, indicator card, 1,464. 

igniter head, ills., 1,461. 

indicator cards, 1 ,469. 

low compression, ills., 1,463, 1,464. 

marine, Raabe scavenging variable com- 
pression, ills., 1,466. 

Meitz & Weiss, operation, ills., 1,462. 

mineral oil, 1 ,449. 

Monarch, ills., 1,453. 

Muncie fuel pump, ills., 1,459. 

operation, 1,465. 

piston, ills., 1,460. 

power stroke, 1 ,472. 

semi-Diesel, 1,469, 1,471. 

spray valve* ills., 1,472. 

stroke, 1,465, 1,471. 

two cycle, low comp., starting, 1,469. 

vaporizer, ills., 1,468. 

Venn-Severin, indicator, diag., 1,465. 
Oscillating engine, Graham, two cylinder, 
transfer expansion, jacketted, 
marine, ills., 1,678. 
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cylinder, ills., 1,334. 
volvB geat, ills., 1.G13. 
AuctiQn Kafl producer plant, ills.. t,A( 
Onrheod ndutor, Hall-Scott, 1,G17. 



illL, 1,305. 

1, ilk, i,«as. 



euiaiut, vteam 
FiitoD, acmpLi 



., 1,375, 1,376. 
lusei, l.ME. 
lerwmCi ills., 1.4£„, 
aest5c, ills., 1,480, 
sax engine, d«., 1.3 
1* engine, Sturtevitnt, 



1,611. 
SU engioe, ilk., 1,3; 
BpeedVstesm engine, 1.6< 
' le design, I,eS 



Poker, £04 producer, HusheSf ills., 1,' 
Polei, magnetic, 1,399. 
Poppet v^ve, ills,, 1,337' 
Pcitable engines, pressure, 1,718. 
Power, and fuel, relationship, 1.339. 



Hone pawer. 
jine, .1,741. 



r, 1,3a. 



:m, det... 1.600, 1.603. 



initial, 1.636. 1.837, 1 



Prunira, — ConUnitd 

of combustion, the actual, 1.3fi0. 

steam engine, back, def.. 1,S60. 

type gas prodticei, 1,S01. 
Pioducers, gas, 1.403-1,926, ett Gas pro- 



operation, 1.604. 

pitch, de/., 1,631, 1,504. 

slip. 1,S64. 
blade area., 1,732k. 
built up, iU>.,l.T32L 
churning, 1,73Z(. 
effective area, 1 .TBSi. 
eUiptical tip, ills., l.TB2b 
reversing, 1.732f. 
round tip, Uls., I.TSM. 1,732*. 
iht^fl, Beroplane, Sturtevant, ilk., 1,61 

coupling, ills., 1,T3U. 

tapetsTl .73211. 
slip, I,te4. 

steam engine, ills., 1.732ii. 
thrust, aic force, BeioplBne, l.Sflfi. 
toniue, aerophuie, effect, ills., 1,561. 



loilengine, ills., 1.406. 



Reducing valves. 
Recco-EncsEon h 

Re-evaporation, i 
RefrigeTBtoT, hot 



,.ills...l,749, 1.751. 
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Rchwter. itsaia cogine, l^flTI. 




direct connected pumps, 1.677. 
driUedpsEsages. 1,648. 


connectLng Tod, ills.. 1,718-1 721. 


CorliM economy curvss. I.flT 




cranlc Bhftf t, illi., 1.731-1.723 
™»h«Ld, ills.. 1,716. 1,718 




°^'"iE^.ri%?r'" ''^""'' '"''"• 




g engine. 


««Wric,rod,l,70a. 


1.680. 1.870, 1,671. 




shifting gear, ills., 1,718. 










ia single-cylinder engine, 1,082, 




667. 


1,883. 
tnaiu, Graham, front view, 1 .726. 
. pfkn^l.m. 






















«f>«l(tf,card, 1.881. 




iff- 


/■«(lfi.«(i.ills..l.7S3, 1,724. 
drivct 1.735, 1,727. 




,856, 






Biies. 1.725, 






trame.iUs.. 1.711. 1,712. 






Graham, oscillating engine, UU., 1.678. 
jscketted cylinder maiine engine as 






^^ 






s 




_s.,'f«r"7Si: "■"""■ 






horsepower formula', 1,88S. 


admiliioii, eccentric and strap, 1.714. 


indicator cards, 1.695. 


port, 1,693. 




jacketpipes, 1.689, 1.692. 


™J«, and seats, 1,8B9. 








main bearings, 1.707, 1.708. 

manifold, steam and eihaust, ills., 1 ,703, 






zsi4^n,». 






marine engine, card, 1.680, 








pressure on, i.732A,' 




mean effective pressure, 1.683. 

music and mechanics, the fiawcr of sugr 


tlmal. 1.708. 1.709. 




horseshoe, ills., 1.709. 








packing, n'^nS?.' ' 


B^m'*iiram.,^l.M5, 1.6 
deirance, 17731. 


9S. 


non";ondensinp tugcncines, 1 .679, 1 ,880. 
oscillating engine, Graliam, ills., 1,678. 




pilfon, 1.688, 1,689. 
rod, 1.688, 1.689. 








pUn'^l'^;I^i;^J^ne. 1.730. 


tonnttUnirod.l.llS, 1.719, 
crank end, 1,720. 






port opening dim., 1 ,606, 1.698, 
projected area, 1,723. 


ends, 1.721. 




reverse Bear. 1.714. 


wnst end, 1,720. 




revolutions perminute, 1,684. 


cost of engine. 1.679. 
O'att.pia, 1.723. 

shift, ills^ 1,722. 
cross head, 1.717. 




shaft. 1,721V 




side view of tlraham engme. 1.728. 
imsle cylindir, engine design, 1,683- 

marine engine, Eiamptm for deslEn 




<;j^.-mi«-,bolts,1.703. 






casting, iUa., 1.88T. 




//), 1.679. 


design,;i.6ea, 1.691. ^ 




slip, 1.^4: 








litaJ, bolU, 1,694, 1.702 
Wr,i11s., 1.700, 1 




tail ^i^'"'|5\^'™-^"''«'^'='l.««'. 




theoretiesldiagram, 1.881. 


studs, 1,701. 






upper, 1,892, 1,694 


1.696. 


engine, Graham, 1,678, 
triple eipansioH engines, 1,693. 


siu, 1,684. 
studs. 1,703. 






valvij, see Valve, steam engine. 




1,682. 


Watt's motto, 1,680. 



XIV 
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Steam en^ne desiirnt — Continued 
wire drawing, reduction, 1,683. 
wrist pin, ilk.^ 1,719. 

Platet design, 1,705. 
mechanism, 1,705. 
motion, 1,703, 1,706. 
Steam engine, drop, cattse of, 1,606. 
duty, def., 1,618. 
dynamic, head, ills., 1,623. 

lift, iUs., 1,623. 
eccentric, Bilp^m diagram, 1,698. 

guides, ills., 1,722. 

shifting, 1,606. 
economy factors, 1,633, 1,636. 
efficiency, 1,624, 1,625. 
exhaust pipe, diameter, 1,650. 

requirement, 1,673. 

selection, 1,672. 
exhaust, ports, 1,696. 

valve, ills., 1,702. 
expected card, 1,681. 
four valve, compound, economy curves, 
diag., 1.667. 

simple, economy curves, diag., 1 .659 
frame, ills., 1,710, 1.711, 1,712. 
gear, control, ills., 1,716. 

reverse, 1,714, 1,715. 

valve, see Valve steam engine, 
governor, choice of, 1,668. 
grid iron valve, compound condensing, 

economy curve, diag., 1,671. 
guides.ills., 1,712, 1,713. 
jacket{s), design, 1,689. 

steam, efficiency, 1,657. 
joints, des., 1,657. 

law, straight line, Willans, diag., 1,637. 
load, curves, characteristic, diag., 1,663, 
1,664. 

variable, 1,662. 
long stroke, 1 ,6iS5. 
main bearings, 1,707, 1,708, 1,709. 
manifolds, ills., 1,703, 1,730. 
multi-stage, steam expansion, 1,659. 
non^condensing, expansions, 1 ,645. 

steam, consumption curve, 1,658. 
operation, 1,660. 

vs. gas engine, 1,323. 
parts, cross head, 1,717. 
performance units, des., 1,614, 1,615. 
pipe, construction, ills., 1,668. 

tail, 1,690. 
/>«5/on, design, 1,688, 1,689. 

speed, 1 ,660. 

valve, comspound, condensing, econ- 
omy curves, diag., 1,660. 
plan of, 1,730. 
Port, dimensions, ills., 1,696. 

exhaust, 1 ,606. 

opening area, 1 ,696. 
pressure, 1.635, 1,636. 

constant, 1,670. 

mean^ effective, 1,683. 
quality, diag., 1,638. 
reducing valves, use, 1 ,670. 
regulation, throttling, diag., 1,666. 

variable cut off, 1,667. 



StMun engine d9»ign,— Continued 
reheater, 1,671. 
rotative speed, 1,661. 
safety stop, ills., 1,622. 
selection, 1,613-1,676. 

back pressure, 1,650. 

boiler efficiency, diag., 1,630. 

calorimeter, throttling, ills., 1,640. 

capacity, altitude effects, 1,674. 

combined efficiency, 1,631. 

commercial efficiency, 1,631, 1,632. 

compressions, reasons, 1,651. 

condensing, ills., 1,619. 

economy, testing for, 1,640. 

efficiency, altitude, effects, 1,675. 

exhaust, pipe, 1,672. 

piping, defective, 1,651. 

knowledge necessary, 1,613. 

mechanical efficiency, 1,626. 
curve, diag., 1,632. % 

net efficiency, 1,631, 1,632. 

"pounds of steam," ills., 1,617. 

single cylinder, jacketed, number 
of expansions, 1,645. 

steam consumption, 1,628, 1,658. 

tests, resultSp 1,675. 

thermal efficiency, 1,626. 

throttling calorimeter, testing with, 
1,640. 

uniflow, 1,658. 
separators, 1,670, 1,671. 
short stroke, 1 ,685. 
single, cylinder, condensation, 1.646. 
single stage, steam expansion, 1,659. 

temperature range, table, 1,649. 
special type Willans' law, 1,636. 
static, head, ills., 1,623. 

lift, ills., 1,623. 
stationary, temperature range, 1,649. 
steam, dry, use, diag., 1,639. 

expansion, degree, adv., 1,642, 
diag., 1.642. 

line, main, requirements, 1,669. 

pressure, initial, increasing, effect, 
diag., 1,636. 

quality, classes, 1,637. 

re-evaporation, gain, diag., 1,644. 

saturated, use, 1 ,640. 

superheated, adv., 1,641. 

unit, relative, 1,616. 

wet, use, diag., 1.639. 
studs, stress on, 1,702, 1,703. 
tail pipes, 1,690. 
temperature range, 1,647, 1,649. 
theoretical diagram, ills., 1,681. 
thermal efficiency, ills., 1,625. 
throttling, des., 1,666. 
thrust rollers, ills., 1,718-1,720. 
two cycle, ills., 1,462. 
uniflow, 1,658. 

valve, see Valve steam engine, 
various types, med., eff., 1 ,627« 
water, feed consumption, diag., 1,619. 
Willans' law, 1,636. 
wire drawing, 1,661, 1,662. 
wrist pin, ills.» 1,719. 
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Stewart vacuum gasolene system, 1,397. 
Stirling hot air engine, ills., 1,734, 1,736. 
Stornoway /, stuffing box, 1 ,732|/. 
Stornaway li, inside stuffing box, l,732i. 

shaft coui>ling, l,732f. 

universal joint, 1,732A;. 
Stove oil, 1,452. 

Straight line law, Willans, diag., 1,636, 1,637. 
Stratton separator, steam engine, 1,670.- 
Stroke, compression, oil engine, 1,465. 

gas engine, power, 1,327. 
Stromberg carburetter, ills., 1 ,389. 
Studs, cylinder, stress on, 1,702, 1,703. 
Stuffing box. Sir. Stornaway /, //, 1,732;. 
Stumpi uninow steam engine, steam con- 
sumption, 1,658. 
Sturtevant aeroplane engine, parts, ills., 

1,603, 1,610, 1,611, 1,612. 
Suction, 1,512. 
Sumpter magneto, ills., 1,417. 
Superheated steam, ills., 1,639, 1,641, 1.642. 
Superheater, R. O. C, ills., 1.388. 
Synchronized drift set, Sperry, ills., 1,548. 
Synchronotis ignition, ills., 1,410. 
SymeusQ gas producer, ills., 1,502, 1,503, 
1.505. 
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Table, Akerlund ^s producer, 1,515. 

crude oil, weight, approximate, 1.454. 

feed water consumption, 1,617. 

I)etroleum, weight, approximate, 1,454. 

pressure and temperature coef., 1.361. 
Tail, pipes, steam engine, 1 ,690. 
Tar extractor, gas producer. Smith, 1.518. 
Tar oil, residual oil, 1.452. 
Temperature, changes, hot air engine, ills., 
1,734. 
steam engine cylinder, 1,645. 

cut-off effect, 1,648. 

cylinder walls, 1,648, 1,682. 

exhaust, meaning of, 1,362. 

rafi£«f steam engine, 1,647, 1,648. 
single stage, table, 1,649. 
Tests, steam engine, selection, results, 1,675. 

with throttling calorimeter, 1 ,640. 
Thermal efficiency, gas engines, theoretical, 
1,318, 1.363, 1.365. 

steam engine, 1,625, 1,626. 
Thermodynamics, fint law, 1,315. 
Throttle valves, types, ills., 1,392. 
Throttling, gas engine, theory, 1,384. 

steam engine, 1 ,666. 
Thrust, bearing, horse shoe, ills., 1,709. 

rollers, steam engine, ills., 1,718-1,720. 
Timer, gas engine igmtion, 1,410, 1,414. 
Timing, ^as engine, 1,426. 
improper, 1,421. 
meaning of, 1,418. 
Tip, wing, aeroplane, def., 1,535. 
Torque, propeller, aeroplane effect, 1 ,561. 
Tractor, aeroplane, def., 1.535. 

biplane, Curtiss, ills., 1,528, 1,529. 



Treat mechanical gas producer, ills., 1.506. 
Two cycle, Diesel engine, 1,474. 

South war k-Harris, parts, ills., 1,489. 
gas engine, stroke, ills., 1,368. 
oil engine, low compression, starting, 

1,469. 
steam, scavenging, low compression, ills.. 
1,461. 



U 



XJniflow engine, 1,658. 

condensing steam consumption, 1,658. 

non-condensing, steam cinsump., 1,658. 
Unit, British thermal, definition, 1,315. 
Up draught, gas producer, ills., 1,497. 



V 



Vacuum gasolene system, Stewart, ills., 

1,339, 1.378, 1.397. 
Valve (s), Diesel engine, air injection, ills., 

1,476. 
exhaust, ills., 1,476. 
fuel oil, ills., 1,476. 
gear, 1,485. 

Allis Chalmers, 1,477. 

National, 1,479. 
inlet; ills., 1 ,476. 
starting, 1,483. 
gas engine f cam device, ills., 1,423. 
chamoers, 1,337. 

exhaust, 1,334, 1,352, 1,354, 1.362. 
four cycle, ills., 1,327. 
£«ar, ills., 1,379. 

Poos engine, ills., 1,336. 

four cycle, ills., 1,324. 

double acting, ills., 1,362. 

Olds, ills., 1.339. 

Otto engine, ills., 1,333, 1.513. 

spring inlet, ills., 1,325, 1.327. 
generator, ills., 1,394. 
grinding, ills., 1,437, 1.439. 
inlet valve, 1,363, 1.375, 1.440. 
mechanism, ills., 1,376. 
Olds, ills., 1,339. 
Otto, ills., 1,364. 
overheating prevented, 1,378. 
positively operated, 1,348. 
push roa, ills., 1,425. 
rotary valve engine, 1,342. 
sliding, ills., 1,346. 
timing, ills., 1.404, 1,418, 1.419. 
vaponzer, ills., 1,394. 
oil engine, by pass, ills., 1.435, 1,455. 
gear, spiral, 1 ,466. 
semi-Diesel, ills., 1,471. 
steam engine, 1,692. 

admission valve and seat, 1,699, 

1,702, 1,704. 
arrangements for high degree of ex- 
pansion, 1,643. 
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V«lTe(s), mtmam mngine, -Continued 

Bilpram diagrams, 1 ,608. 
cylinder heads, 1 ,692. 
exhaust m ills., 1,702. 

independently driven, 1,668« 
taper ^luK, rocking, of Graham en- 
gine for steamer Stornowoay 11 t 
1.094, 1,702. 
gear^ 1.726, 1,728, 1,730. 
action, diag., 1,662. 
admission, ills., 1,704. 
lairouty prelimmary, of Graham en- 
gine for steamer Stornaway II, 
ills., 1,609. 
movement, effect of wrist plate on, 
1,703. 

quick acting, 1,683. 
shifting eccentric design, 1 ,603. 
variable cut off, 1,696, 1,714, 

1.717. 
wire drawing diag., 1,662. 
reducing, 1,670. 

separate admission and exhaust, 1 ,683. 
steam jackets^ 1,655. 
Vaporizer, oil engine, ills., 1,394, 1,468. 
Variable, cut off 1,667, 1.714, 1.717. 
regulation, 1,667. 
load, steam engine, 1,662, 1,663. 
Venn-Severin oil engine, indicator, 1,465. 
Venturi carburetter, Kingston, ills., 1,380. 
Vertical cylinder aeroplane engines, 1,589. 
Vibrator, coil, ignition, ills., 1,409, 1,412. 
mechanical, gas engine ignition, ills.. 

Voltage, def., 1,398. 
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Water, circulating, gas engine, loss, 1 ,359. 

consumption, various cut offs, steazn en- 
gine, 1,646. 

cooling, gas engine, starting, 1,435. 

feed, consumption, 1,619. 

jacket, effect of, in expansion, 1,323. 

supply pumping plant, 1 ,677. 
Weedless propeller, ills., l,732d. 
Weight, crude oil, approximate, table, 1 ,454. 

petroleum, ax>proximate, table, 1,454. 

steam, ills., 1,616. 
Wet steam, use, diag., 1,639. 
Willans' straight line law, 1,636, 1,637. 
Wire drawing, 1,661, 1,662. 

reducing, 1,683, 1,703. 
Wood, stresses, nature, 1 ,539. 
Woodpecker kerosene engine, ills., 1,456. 
Wrist, pin, gas eng[ine, 1 ,376. 

steam en^ne, Graham, 1,719. 

plate mechanism, Graham, ills., 1,703, 
1,705, 1,706. 
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Zero clearance air pump, the author's, ills., 
1,731. 
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4 voiimw iutiuctoni ud dnwiii(s~(nrSTBAM BNGINE DESlGN.ii^adinffriliiB 



wfnMT*' and Maehanicf' Guide, Ifo. 4, pries (1,50 — cantuns 479 p&gei — 640 illuS' 
, nations covoiiw full; GAS. GASOLINE, OIL, SEMI- and FUO. DIESEL EN- 
I GlNKS-^tropTanei and AtiMion—BOlV TO SELECT AN KWCOTB— Coraplrt* 



Enatneen' and Mschanfcs* Guide Ho. t, p'i« >1-A0 — contains 523 uge»-45a Hha- 

5tiBtIora covoina fully tlw Theory and CotimtTuetlon of all typtt of Steam Botlara 
including: H«at — CombivtioD — Fud wid Flue Gai An^yiii — COi recotders — Chw 
acteriiCics of Bmlera — Ukteriab— CmuMdilioN of ett lyfa of Boiltri. IXJt.TBSt 
PRACTICE-) 
Extmlneere' and Mechanic^ Galda No. t, price (1.50 — contains 575 pasea — 090 Uhu- 
tiations coverins fully Jbilbr Conetrtmllon — Mechuiical Stoken — OIL BURNERS 

6— Setiingt—Cbrainey*— Mechanical Dnvaht—BOW TO SELECT A BOILEU- 
Complete imtnictioni and drawinn onBOII.BR DESIGN based on A.B.M.X. 
BOILER COi>S— OPBRATIONTlncluding innallation, FIRING, can and npair 
of Sltam Boilen. 
£ii0(nMn' and MKAsnfc*' Ould*A;ii. 7, prioe 11.50— oootainsOSOpan— 1^71 illua- 
■_ tntionsffiverinafullr Pipea.Flttin0andPipaFltanBT'*'>t'n#<^»*^'£<''*''i>'^~ 
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iverina fully Pipea. Flttma and Pipa FlttinB-^ff«Btln# « 
„^_ jon— Coolim Tower*— Condensai»—Di«4lBo« Api — 
les and HoirtingMachineFy— Ropes and Cables— Spfiehig, « 



Eagtn—r^ and Metltanlca' Guide No. t. price (3.00— contoioi 1,000 

8imu«tr«tiooi. Thisii the latent, complrtolMndboQk on alectncwirmBi 
and a compoidium of practical electrical engmecnng ai no eidjtf tiuintoi and > 
triiiaiu in Mainint « litavt — 67 chaptei»^-ieady nrfewnce mdex — p - ' 



W pa«— a,« 

iginailbmndi 

,_~— „ -• tar tr-' — ' -'- 

67 chapten^-ready inference 
fltld ot Modem Eleetrieity. 



Price $12 



for the complete series post paid, or sup. . 
pUed separately — eight nvmbers—fiexible 
pocket sixe—li? chapters — 4,400 pa^ 
— 8,750 iBuslratioas — numerous tables 
— complete ready rifereiux indexes, 
SatUfactton t/uaranteed. 
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